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A D V E R T I S E MEN T. 

<tHlS fmall ^raa was intended to make a fart $f 
the ^reatife of Algebra ; but other matters hadfmeU 
led the book to too large aftze^ to admit of this ; Vilnch 
therefore was poflponed to a further opportunity. 

The Subject of it y which is the Doffrine of Com- 
Unations ani Altemationsj is)a' very entertaining and 
curious fpeculation ; by whicb^ a great many very, 
delightful problems may be refolved : which will ap- 
pear ftrange andfurprizing to them that are not verfed 
with thefe forts of calculations. The Dotirine thereof 
is here eompleaily delivered j and in a little cimpafs ; 
^nnd the rules demondrated in the plaineji and tafiefi 
manner y and therefore I hope it will prove beneficial 
and Meltable to the reader. 
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Combinations, Permutations, &c. 



t DEFINITIONS. 

D E F I N. I. . 

■ 

THE Combination of quantities, is Ihewing hovr 
oft a Icfs number or quantities or things can 
\, be taken out of ^ greater, and combined together, 

i . without confidering their places, or the order thcjr 

1 jftand in. This is alfo called EleSion or Choice. 

► Here every parcel muft be different from all the 

reft, and no two is to have precifely the fame quan« 
tities or things. 

D E F. 11. 

Permutation^ (hews how many feveral ways, the 
places of any given number of things may be 
changed. This is alfo called Variation^ Alternation^ 
and Changes. 

Here the only thing to be regarded is the order 
they ftand in ; for no two parcels are to haVe all 
the quantities placed in the fame fituation. 

' D E F. IIL 

Compofition^ is the taking a given number of 
quantities, put of as many equal rows of diflcrent 
^ quantities, one out of every row •, and combining 

them together. 

Here no regard is had to their places ; and it 
differs from combination, in which there is but one 
row of things. 

B DEF. 



C O M B I N A T I O N S, &c. 

D E F. IV. 

Combinations pf the fame fornix arc thofc where- 
in are the fame number of quantities, and the fame 
repetitions. As abcc^ bbad^ cffg^ &c. are of the 
fame form. Alfo ABC% DA*E', C*ED% are of 
the fame form ; putting the numbers 2, 3 for the 
repetitions. But ABBC, AB', AACC, are of 
different forms. 

Here obferve, when any quantity is written with 
an index at the top, it fignifies fo many repetitions 
of that quantity, as a'' fignifies aa \ a^ fignifiea 
aaa ^ and b^ fignifies bbbby Sec. 

PROP. I. Prfib. 

fto find the number of Permutations or Changes of 
fh things^ all different from one another. 

RULE. 

_ ■ * • 

Multiply continually, 1X2x3x4X5, &c^ 

to m te;-ms \ and the produd is the number of 
changes. . 

For I thing a^ is capable but of one poGtion a. 
And if there be 2 things a and b ; they are only 
capable of thefe 2 variations ab^ ba ; whofe num- 
ber is I X 2. 

If there be 3 things ^, ^, if 5 • then any 2 of them, 
leaving out the 3d, will have 1x2 variations; 
therefore when thefe 3 are taken in, there will be 
1X2X3 variations. 

And if there be 4 things, every 3, leaving out 
the 4.th, will have 1x2X3 variations. Then tak- 
ing in fucceffively thefe four left out, §ind there 
"will be 1x2x3x4 variations. And fo on as 
far as you pleafe. 

Cor. 



P E R W tJ T A t f d N S. 

Cor. I. tt X cbin^es of m — i things =: changes 
^ m things. 

Cor. 2. thi changis of *«— i things out of mzi 
chahges of « things. - 

For the changes of ah zz i x 2 X J» and taking 
in Jy the changes of any 3 bf dbcd = i X 2 X 3 4- 
JXIX2XJ= ixikz-)<^ = changes of a^rrf. 
And the fame of others. 

Example r. 

Hnw mofFf changes may be made of the words in 
this verfe f Tot-tibi fti'nC dites, .virgo, quot fydera 
ecelo. 

Anf. SX7X6X5X4X3X»Xi = 403'20. 

Example z. 
How many changes may be rut^ on 6 hells ? , 
Anf. iX2X3X4X5X'5 = 72o changes. 

Examp. 3. 
any perfojts be placed in a iif- 
? 
■ X 5X6x7 = 5040 i near 

o P. ir. 

'nations of m things taken n 
end a, ornat a time ■, is equal to m changes of m- — "i 
things taken n — i at a time. 

For fuppofe thefe 5 things abcde, and Brll leave 
out a ; then we ftiaU have the four bcde^ out of 
which let there be taken all the 7% he, bd, &c. 
and put -u = number of all the variations of every 
2, out of the four quantities bcde. 

Now let a be put in the firft place of each of 

them, which will make ebc, dkd, See ; then eacii 

B 2 will 



PERMUTATIONS. 

will confift of three letters } and the number of 
changes will remain the fame, whilft a poflcflcs the 
firft place \ that is, v r= number of variations of 
every 3 out of the 5 abcde., when a is firft. 

Jn like manner, if *, f, <rf, e be fucceflively left 
out, the number of the variations of all the z's will 
alfo be V % and, putting b, f, dt e in the 6rft place 
to make 3 quantities out of 5, there will (till be v 
variations, zs before. But thefe are all the varia- 
tions that can happen of 3 things out of 5, when 
a, b, Cy d, e are fucceflively put firft ; and therefore 
the fum of all thefe is the fum of all the changes 
of 3' things out of 5. But the fum of thefe is fo 
many times v as is the number of things 1 that is, 
$v or mv = all the changes of 3 things out of 5. 
And it is evident, the fame way of reafoning may 
be applied to any numbers, m, ». 

PROP. III. Proh. 

Atpf number m ef different things being given % t9 
find bow many permutations or changes can be made ■ 
mt of them, taken nfy n, or ?. 

RU L ] 

Multiply continually m x » 
X &c. to » terms, for the chs 

Suppofe any number of 
here w = 7, and let « = 3. . ^ 

and there remains 2, fubirat^ 2 from 7 and there 
remains 5. Then fet the numbers as follows. 



1 5 

2 . 6 

3 7 

Here it is evident, that the number of changes, 
n^dc 1 by i out of 5 things, will be 5 =: v. 

Then 



permutations; 

Then (Prop. II,) when m zz 6y n zz 2^ the num- 
ber of changes zz mv zz 6 x 5 zzVj a fecond time. 

Again,, when iw z= 7, « r= 3, th€ number 
of* changes zz mv zz y x^X 5^ that is, zz mx 

m— -^ I X )w — 2j continued to 3 or » terms. And 
the like may be fhewn for any other numbers. 

Cor. I. If y zz all the variations or changes of m 

things y taken n at a time ; tben^ m — nx^ zz all 
the changes of m thihgSy taken n + i at a time. 

For when mzzj^ nzz^^Vzzy X 6x 5^ and 
m — n zz ^. fiut by this Prop, making n zz j^^ 
then the changes will be zz 7 x 6 x 5 X 4i that is> 

zztjY xm — n. And fo for all other numbers. 

Cor. 2. ny zz mx changes of n things, out of m 
^— the changes of n + i things out of m. 

For mV zz m x changes of n things out ot iw ; 

from which fubtrafting »i — ■ »# V (Cor. 1 .) gives 
» V as above. 

E)C. I. 

H0W many changes can be rung with three heUs out 

i^fMght ? 

f. 8x7x6 = 336, 



Ex. 2. 

How many words can be made with 5 Utters ojfthi 
alphabet^ admitting all confinanis ? 

Anf. 24x23x22 X 21 xzo = 5100480,. 
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s 

P R O P^ IV. Prob. 

Anj number of things w, being given \ tobereof 
there are p things of one fort^ and j things of ano- 
theTy &:c. To find bow many changes can be madi 
cftt of them all i 

RULE. 

Multipljr and divide according to this formula. 

1 X2X 3X4X 5 '" ^Q^ 

I X 2 X 3 X .. to> X I X 2 X 3 X ..• to f &;c. 

For fuppofc ab two quantities, then there ' will be 
two changes, ab^ ba. But if for i, you put a^ then 

aa admits but of one alternation = £lL = i. For 

2.1 

ab and ha^ being two variations, become aa and aa^ 
which therefore will be but one. 
' In like manner abc affords fix variations, but if 
it be reduced to aaa or ^ % then thcfe fix variations 

become but one = 1 — ?.21i. =: i. And if abc 

ik2X3 

be reduced to aac^ the fix variations will be redu- 
ced to only thefe three, aac^ caa^ aca \ but half fo 

many as before = '^^^^ = 3. 

1x2 

In like manner, if all thefe be different dbcd^ 

there will be 24 variations ; but if they bp all the 

fame, as aaaa or a^y then all thefe 24 will be but 

one =: J-lill. And if they be reduced to aaab^ 
1.2.3.4 

three of them being the fame, there will but be 

four variations aaab^ aaba^ abaa^ and baaa zz 

I X2X3X4 ^ ^ ^^j If ^}jg fQyj. quantities be 
JX2X 3 

aabcy the 24 will be reduced to 12 =: ^^^^^^^ 

1 X2 

= 12. 



PERMUTATIONS. 

zz 12 ; for it was fhewn before that aab is reduced 
to 3, and fincc c may have four pofitions among 
the quantities aab ; therefore the variations of all 
four aahj will be 4 x 3 or 1 2. 

After the. fame manner if we have abhccc^ if 
they are all different, they will admit of 720 
changes, but becaufe b occurs twice, and c thrice, 
it mufl: be divided by 2, and then by 6, and the 

quotient will be 60 = 1>«><3><4X5X6^ ^3 j^ ^^^j 

1x2x1x2x3 
tried. And the like may be fhewri of any otlier 
fuch quantities. 

Cor. Hence if any index p occurs twice $r opener^ 
the feries mufi be divided by i.2.3 ... to p twice^ or 
as oft as that index occurs^ in different quantities. 

For in that cafe we Ihall have a^b\ or aaa bib^ 
where ^ is 3. Or a^b^^ where/) is 4. 

^Examp. I. 

How many variations may be made of the U^tfrj in 
the word Bacchanalia ? 

Anf. It will be in this form abcdeffgggg^ and the 
changes will be 

1x2x3 X4X5X6X7><8X9 X lox II _ 

1x2x1X2X3X4* 

831600.? 

Ex. 2. 

How many different numbers will the figures follow- 
ing make^ 1220005555.? ^ 
A f 1x2.3x4X5x6 x_7J< 8X9x10 

7X2 X IX2XJ X I X 2 X 3 X 4 
=: 12600. 
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permutations: 

PROP. V. Prph 

To find the numher of permutations of m things^ 
^ taken n at a time \ in which there are p things of one 
forty J things of another^ &c. 

RULE. 

Fir{l.find all the different forms of combination 
i)f thefe lathings, taken. » at a time: and then 
how many combinations there are of each form. 

Then by Prop. IV. find the number of changes 
in any form, which multiply by the number of 
combinations in that form. 

Repeat the feme for every diftinft form ; and 
the fum of all the produfts gives the whole fum of 
the changes required; as is evident from the 
nature of the Problem. 

All the difficulty here is to find the combinations 
required ; and this is eafily done, when the quan- 
tities are but few, by joining together every two, 
every three, &c. till you come at the number »j 
and then reckoning how many different forms there 
are, having » at a time, and how many in each form. 

But when the quantities are many and often re- 
peated, this method would be imprafticable ; and 
then we muft have recourfe to Prop. VIII. follow- 
ing to find thefe combinations. 

Examp. f, 

^ How many alternations or changes can he made of 
every four letters out of thefe eighty aaabbbcc ? 

Set them down as if you were going to multi- 
ply them, and all the produfts accordingly ; omit- 
ting fuch as happen to be the fame as fome of the 
foregoing, and fuch a$ are out of the queition. 
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PERMUTATIONS. 

a b. c 
a h c 



aa ab ac bb be ce 
a b c 



aaa aab aac abb abc aa bbb bbc bcc 
a b c 



aaab aaac aabb aabc aau ahbb abbe 
aba bbbc bba. 



Here we have four of this form aaah^ whofe num- 
ber of changes is 4, by Prop. IV. 

And thre^ of this form aabb^ number of chan- 
ges 6. ' 

And three of this form aalc^ number of chan- 
ges 17,. 

Therefore 4 X 4 ;= 1 6 

ZY. (^^ 18 
3x12 = 36 

\ 

Number of changes 70 



Examp. 2. 

Hw> manj changes can be made of eight letters out^ 
pf thefe ten -, a^ b" c'' de? 

Here the fum of the indices muft always be 8. 
And all the forms being found by Prop. VIII. fol- 
lowing, and the combinations in each j put them 
down as in the following table, writing the indices 
of the quantities for the repetitions. Then find 
the changes (by Prdp. IV.) for every eight, in thefe 
different forms, and multiply them Severally by 
the number of combinations in each form, as io 
the laft column. 
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PERMUTATIONS, 



Forms. 

422 

421 1 

41111 

3221 

321U 

22211 



Numb. 
Combi. 

I 

6 

X 

2 
^ z 

1 



Chang. 

420 

840 
1680 
1680 

3360 
5040 



Chang. 
multip» 
420 
5040 
1680 

3360 
6720 

5040 , 



«■*• 



Sum of all the Changes, 22260 



Ex. 3. 

How matry different numbers can he made out of 
I unit^ two two*s^ 3 three's^ \foufSy and sfi^^^ \ ^^^ 
ken five at a time. 

Put a^ b^ c^ i, e for 5, 4, 39 2f i ; then the 
things given will be ^s i* o i* e. Then by Cor. 
Prop. VIII. following, find all the diflferent forms» 
thefe five things are capable of, and by that Prop. 
the number of combinations in each form ; which 
fet down as below. Then the changes in each 
form, being found by Prop. IV. muft be-multi* 
plied into thefe combinations, as follows. 



Indices. 


Forms. 


Combi- 
nations. 


54321 
» = 15 

» = 5 
L= 5. 


5 
41 
32 
3i« 

221 
2II< 


I 
8 

9 
18 

18 

16 


■ 


mil' 


I 



Then 
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tt 



Then die number of alternations or changes will be, 

1.2.3*4.5 
I form 



^ 



a formt 

3 form, 

4 form, 

5 form, 

6 form, 

7 fpJ^^» 



X i :;= ixi =? 



•2.3.4.5 

.2.3.4.i >^ 8= 5X8 =40 

.2.3-4 2<5x 9 = 10x9 = 90 

,2.3x1.2 

.2.3.4.5 

~.3XiXi^'^ = '°^^^=3^o 

•''•^•^•^ X 18 = 30 X 18 = 540 

. 2Xi . 2X1 ^* 

.2.3.4.5 - - 

.2.3 • 4 • 5 



X I = I20X I = 120 

1 _ 

Number of all the changes, 2 1 n 



iVi?/>, if 10 be to he taken at a time, the num- 
ber of the forms of copribination would be the 
fame ; but the combinations themfelvcs would be 
different. 

P R O P. VI. 

Jl^' C h ihf. number of combinations of m different 
things taken jfata time ; then, C willie the nunh 

ker of cmiinationSj taken n+ i at a time. 

Let ab/:4e be the diflferent things propofed. Then 
$11 the diiferent combipations, taken by one's, by 
twa!s, by three's, &c, will be as follows. 



a ai 



It COMBINATIONS. 



a 
b 

c 
d 




ahc') 


abed 


abd>z 


abce 


abe\ 


abde 


ace 5 


acde 


bcde 


ode t. 




hcel^ 


5 


bde I. 


1 


cde I. 


■ 



abcde 



10 lO 

1. Here the combinations of all the five fimple 
letters, is evidently 5 or ». 

2. Then all the quantities abcde^ being combined 
iwith all the fame 5, the whole number of combi- 
nations of two letters, will be 5 times 5 or 25, 
but the 5 fquares are to be rejcded, aa^ bb^ cc^ dd^ 
ee. , Then there remains 20, which is 4 X 5 or 

l»^Xw— i> but out of thefe 20, every one is re- 
peated twice over, as ab and ba^ ac and ca^ &c 

Therefore i»x^-—^, orCx ^HJ will be the 

juft number of the combinatious of 2 things, n 
being 1= i. 

3. Then if the laft 10 or C, be combined with 
the 5 abcde J there will be produced 5 x 10 or 56 
combinations of 3 letters. And out of thefe there 
muft be rejedted 4 with aa^ and as many with bb^ 
cc, ddy ee ; that is, 5 x 4 or 20 = : 2C. T hen there 

ren^ains 30 combinations, or m-^nXC. But 
each combination is thrice repeated, for three letters; 
for we fhall have abcj bacj cab ; and abd, bad, dabf 
&c. that is, they are as often repeated as there are 

letters •, therefore taking a third part, C x ■ 

or 



1 

4 



combinations; »3 

or C X — ' — = the juft number of combinations, 
» + I 

in this cafe = lo. 

4> Again, if thefe laft be again combined with 
the five, we fliall have 5 X lo, or 50 combinati- 
ons of fbur letters, in this example. But out of 
thefe, there will be fi:!t With ua^ and as many with 
bb^ ce^ ddy ee j that is, 6x5 or 30, to be rejeft- 

ed. Then there remains 2o=:2X 10 = m — ». C. 
But thefe contain as many repetitions of each, as 
there are letters, that is, 4 or » + i. For amongft 
them we have abcd^ bacdy cabd^ and dabc ; and fo 
of the reft, therefore we mtift take only 4 of thefe; 

and then we fliall have TL ^C for four quantities 

4 

combined, which in this cafe is 5 = .7^ C. 

n + I 

5. Then if thefe five be combined with abcde^ 

we fliall have 5 X 5, oi* 25 of all ; but among 

them there will be four with aa^ and as many with 

bbj cc^ ddj ee 5 that is, 4X 5, or 20 to be thrown out ; 

then there remains 5, but all thefe 5 are but the 

repetition of the fame letters differently placed ; 

and therefore we muft take the 5th part, or 4 = 1 , 

for the number of combinations zz ^ ^ C = 

5 

C, in our example. 

And it is evident, that the fame reafoning may 
be applied to any number of diftin£t things what- 
foevcr. And therefore if C be any niimbcr of 

combinations of n quantities, then ^ ^C will be 

n+i 

combinations for » + i quantities. 
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14 C O M E I N A ri O N S. 

PROP. Vn. Proh. 

^ofind the number of Combinations of m tbit^s^ 
all dijerent from one another, taken n at a- time, 

RULE. 

Multiply continually ^ x ^*^' X ^ ^ X 

^ ^ &c. to n tcrmis, for the number of com- 
4 . 

binations. 

For let m be the number of the quantities dbcdrf^ 
&c. then it is plain, that m will be the number of 
all the one's. 

Then let ii zr i, and C —m^ and by the laft 
Prop, the combinations of all the two's will be C X 

■ > — -•— /\ ■ I • 

2 12* 

Again, let ;i = 2, C = — X — H- ; thftn by 
^ r 2 

the laft Prop, the combinations of all the three's 

willbeCx!^:=l* = -x^^::l-'x^:=-^ 
* 311 3 

Alfo if » 1= 3, C = — X X • 

I 2 3 * 

then the conAinations of all the four's will be C x 

i = ^ X X X 2. 

4 12 .3 4- 

And fo forward as far as you will. 

Cor. I . ^he number of comhtnatiorts of n things^ 
taken out of m^ is equal to the uncia or coefficient of 
the n + i^ ^^^ ^f ^ iinomial^ raifed to the m^\ 
fower. 

For 



COMBINATIONS. ig 

For - X ^5^^=^ X ^^=i &c. to n terms is ^ 
i_^ 2 3 

the » + I** term of a binomial ^ by Con x. t*rob* 
V. Sea. I. Algebra. 

' Cor, 2. fiJtf number of all iht pvjfftile comhinations^ 
€f aU the tme*s^ twtfs^ three\ «c*. is one lefs tbatt ' 
the funr of all the uncia of 4 btnomiai raifed to the 
m^^ power J and that is equal to of^-^ i. ^Bis is ^ 
the number of all the eleSions. 

For the fum of the coefficients of the m^^ power 



= film of the coefficients ofi + i°=ii + i =: 



Cor. 3. There is the fame number of combinations of • 
n things out of iw, as of iw — » thtngi out of m. 
. For there is the fame variety of taking n things, 
as of leaving n^ things ; that is, of taking m-^^n 
things. 

Cor. 4. There is but one combination of m things 
wt of m\ whether they be all different^ or fever al 
of one or more forts. 

Cor. 5. The number of permutations of m things, 
taken n at a time = the like number of combinations 
X into 1.2.3.4.5 iic . . to n terms. 

This is plain from this Prop, and Prop. III. 

Ex. I. 

How many combinations can be made of fix letters 
out of ten ? 

Anf. ^0x9x8x7x6x5^^^^^ 
I X2X3X4X5X6 

Ex. 2. 

How many combinations can be made with three let^ 
ters of the alphabet ?i 

A«r 24 X 23 X 22 

Anl» 2 — 2024. 

1X2X3 S^CHOL. 
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S € H 6 L* 

.The. number of divifors. of m quantities, tf^r^ 
&c. is 2* -^ t . And the number b£ aliquot parts» 
2" -^ 2. For the number of all the combination^ 
of the one's, two's, three's, &:c. is the f^Moc^ as the 
number of the 4ivifora. And the number of 
aliquot parts is one lefs ; becaufe akid is a divifor, 
but not a part of itiidf • 

PRO P. VlII. Pro^. 

To find the numher of combinations of m tbingi^ 
taking n at a time ; in which there are p things of oni 
Jortj q things of another fort^ ^c. 

Here when any quantity is often repeated, as 
aaa^ bbbb^ &c. they arc written thus a\ i\ &€♦ 
where the index (hews the number of repetitions, 
of any quantity, or how often it is to be taken. In 
the former cafes of combination where the quanti- 
ties are al) diftinft, the folution is had by a fingld 
rule, or a fingle operation, 6ut this cannot be 
done where any of the quantities are repeated, for 
this requires feveral operations, for the different, 
forms of combination, that n things are capable 
of, one for each form ; whereas if they were all 
diitindl, there could be only one form for all. 

To proceed regularly, we muft firft find how 
many different forms n things will admit of, and 
what they are ; and then how many combinations 
are in each form. And the fum of all thefc com-. 
binations will be the number required. 

RULE, for the number of forms. 

1. Place the m things fo, that the greateft in** 
dexes may be firft, and the reft decreafe in ord^r^ 
Then begin at the firft letter, and join it with the 

fccond. 
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lecond, third, fourth, &c. to the laft ; then take 
the fecond letter and join it with the third, fourth, 
&c. and then take the third letter and proceed the 
fame way 5 and thdn the fourth, and the fifth, &c. 
till all be done •,' always taking care to rejedt fuch 
combinations as you have had before. Thus you 
have the combinations of all the two's. 

Then for all the three's, join the firft letter to 
every one of the two's, fucccflltely ; and then the 
fecond, and third, &c. to the lafl: -, taking care to 
leave out fuch combinations as are had before. 
Then you have all the combinations of the three's. 

Proceed the fame way to get the combinations of 
all the four's, all the five's, &c. till you come at », 
whofe combinations arc required. So you will at 
laft get all the feveral forms of combination of n 
things ; and how many there is in each form. 
, But in particular cafes, fhorter ways than this 
niay often be found out. 

2. To find the ntimber of combinations in any 
form ; let the quantities, both in the m things, and . . 
n things, be ranged according to the indexes, fetting 
the greateft firft, as has been faid. Then if the 
quantities are not many, the number of combina^ 
tions may be found out, and reckoned up, after a 
like manner, as their diSerent forms were found 
out before ; beginning at the firft, and going gra- 
dually thro' them all. As if you have a^ b^ c^ d\ 
and you would know how many are contained in it, 
of this form aahc. Here aa may be connefted with 
hc^ hd^ ci\ and there are three fuch fquares which 
.may be connefted in like manner, viz. aa. bb^ and 
cc\ therefore 3 X 3 or 9 will be the number of 
combinations in that form. 

But when there are many terms, we muft pro- 
ceed to calculation in this manner. Let the things 
, given whofe number is m, be thofe a^ b"^ c' d\ &c. 
where py y, r, j are the indices or repetitions, no 

C ' matter 
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matter whether equal or nnoquaL And let a^ i^ 
C <i% &c. be the form to be combined^ the indices 
being /, v^ w^ x, &c* either equal or unequal. 
And when a letter is but once expreileds its indqk 
nyill be i • Then for the 

RULE for any JingU form. 

Let A, B, C, D, &c« be the nnnnber of tlif^ 
fisarent letters in the m things expded» whoie indicM 
are equal to, or greater than (/, v^ tr» 4^^ &c. it* 
ipe6Uvelyj the indexes in theii things. 

Then the number of combinations in that fonn is 

AxB"=rrxC:rixDpi,&c. continued to 

KS« &c. 
as many terms as there are different letters in the 
form propofed -, where R = i X 2, or i X 2 x 3» 
or I X 2 X 3 X 4» &c. when any index in the form 
as twice, thrice, or four times, &c« repeated ; and 
the like for S, &c. 

3 , The fame operation Is to be repeated for c- 
vcry form ; and then the fum of all, gives the num- 
ber of combinations ; being all that n things out 
of my can admit of. 

For fuppofe any number of things as ^ r: a^b^(^d^ 
and the form propofed. ■ a^ b^ e 

It is evident 3 (the index of a^) is contained in 
5 and 3, (the indexes of ^^ ^')» which gives 2 cafe, 
where a cube can be taken out of the m things, 
here A zz 2, 

Then, 2 (the index of ^*) is contained in 5, 3, 2 
(the three indexes of a^ b^ c^) -, here 8=3. So 
there are three cafes where a fquare can be taken, 
confidered fingly. But as fome cube goes along 
with ' it, that takes away one cafe, and there re- 
mains B — I or two cafes only. Now for every 
one of thefe, there will be A cafes, where the cube 
'and fquare are both contained in the m things : that 
' . is. 
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jfi^ the number of combinations wit;h a ^ube and f 

Iquarc will be A x B -r i. 

Again, i {flKc index of c) is contained 4n 5, j, «, 
wd I, (the indices of all the quantities a^ b^ ^*^)} 
Whence = 4; fo that there will i)e four cafes, 
where {c) any iimple quantity can be taken. But 
4ince a cube and a fquare is to go along with it ; 
<heie tajce up two places, and deftroy two of the 
trafes ; fo t^iat the nun^ber of cafes where a lUtiple 
<^u«itity can be conne£ted with a fquare and a ctibe 
/ whoie places lire tixit, or ipecies detamiioKl), T^l 
^beC ->^, A nd for every one of thefe, there will be 

A X B -^ I cafes fay varying the fpecies of thecu^ 
and fquare 5 jR> the number of thefe ,three cotnbi- 

nations, will be A >< B— i x C — 2. And in 
-Itk^ manner, if there liad been a fourth qiuftiiity 
{J\ to be combined, we fhould have D =z number 
*f thefimple cafes, and D — 3 the number of cafes, 
- wfcen going along with the otlier three. And then 
the whole number <>f combinadons of quantities, 

'with four different indices, would be A >< B — - i 

pc Vt- 2 X D r:- 3, for ^muft be fuppofed to have 
a different inde;c froia any of the reft. 

it ,is .evident, ,t|iis way qf reafoning is general, 
zhd may be applied- to. apy,coUedions of quantities . ^ 
•wji^tev^r ; where the indices of all the q^uantitjes », 
in the propofed form, are all different. But it mat- 
ters not, whether the indices in the whole collec- 
' tion of quantities i», .which are expofed, be theTame 
.or different. 

Now. when any index in the propofed form hap- 

\pens £0 be. repeated ifeveral times, the formernum- 

Ber muft be divided ,by a corrcfpondent number, 

^fter a like manner as was (hewn in Prop. JV. for 

the changes of things. . 

L.ct m =: a^b^c^j the form a^b, then A =f 3; 

9 = ^» and A X B — I =6. But if the form be 

c 2 d'i* 
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ifV or ch-, 10 either cafe A and B remain the fame^ 

and AxB*-! -2 2, which (hews all the cafes that 

1.2 

tWo fquares, or two fingle letters, can be taken out 
of m. Here R r= 1x2. 

Again, let m zz a^i^^d^^ and the form tf'i*r ; 
then A r: 4, B z= 4, C zr 4, and 4.3.2 = 24, 
the number of combinations of a cube and a fquare 
and a fingle letter. -But if the form be nf^l^c \ A, 

B, C.wiU be the fame as. before, and Jlill_ 

1.2 =: R 

ss 12 combinations of two fquares and a fingle 

letter, as is eafily tried. And if the form be 

dV-c^ ; A, B, G, will ftiU be the fame, arid then 

K = I X 2 X 3> whence lilii =: 4, the combiha- 

1.2.3 

tions of three fquares ; and it is evident by infpec- 
tion, there can be no more. And there would be 
the fame number for the form abc. And the fame 
will hold in all fuch quantities, where the indexes 
• are alike. For a repetition of the fame index caufes 
a certain number of repetitions among the quan- 
tities combined; which ought to be reduced in 
proportion. And what is faid of the repetition of 
<ine index, is equally true for the repetition of 
any other index, and then S comes into the cal* 
culatioh. 

Cor. Hence U appears^ that before the required 

number of combinations can be found \ all ibe different 

forms of combination tnufi be bad. And tbefe .may 

. be obtained, bj Art. i . before ; or rather^ when the 

quantities are mar^j by tbe following method. 

Ffcre we muft work by the indices. Put L = 
number of difFerent letters. 

Then fet down all the indexes contained in the m 
quantities, taking the greateft firft. Then out of 
V " thefe 
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thcfe muft be made fo many rows of figu^s a^ 
there afe different formsi and the fam of the fi- 
gures in each row muft make », and no row muft 
exceed L places. Now to get all thefe forms> fet . 
down the greateft index firtt, and the next lelfer 
tQwards the right hand, and fo on. Then pro<:eed 
from one row to another, by breaking tne l^aft: 
numbers (thofe towards the right) ftill into kfl*er 
numbers, till they be units. Th\is proceed gra- 
dually figure by figure, from the right towards 
tlic left, till all the numbers be dimininiihcd as 
low as they will admit of. . 

Ex. I. 

Let the things propofed be a^b^c == m^ to find the 
^number of combinations made of every 3 {n) of th^e 
quantities. 

The indexes 3 2 i . L r: 3. 

combin. 1 '• 



Forms 3 

2 I 



III 



4 

I 



Sum of the combinations, 6 

In this example there are 3 forms;. !• a cube ;- 
2. a fquare and a fingle one i 3, three fingle ones« 
The firft adrbits of one combination only v the fe- 
cond of 4, and the third of i, whofe fum is 6. 



Let a^i^c^ be propofed 'y to find the number of emtk^ 
binationsy taken 4 at a time ? 
Indexes. 

22 J 3 

211 1 3 



L=3. 



Forms. 1 Comlun. 
3^ i 4 



Sum of the combin* 10. 

C 3 £r; 
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Ex. 3 


• 


Hw) mairf ComUnationSj in a^V<^de\ taking 8 at 


a time ? 

Indexes. 


Forms. 


Combinations. 


42211 


422 
42 1 1 * 


I 
6 


L=:5 411^1 


t 


3221 .... 


2 


32111 


z 


C 


22211 


I 


bmbinations 


13 



In this eicample there is no three's to be combi- 
ned with the four. 

Ex: 4. 

Suppofe a^bH^d*;e^f^g be propofed\ to find alltU com-* 
binationsy taken. 10 at a time. 



Indices. 


Forms. 


Combinations. 


554443^ 

M ZZ IQ 

L = 7 


. 55 
. 541 

52^^ 
5221 

52111 


I 
46 
40 

100 
80 

100 


' 


\ 51JIII 


12 



^mmm 



373 
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Forms* 
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Forms. 


Combin. 


Forms. 


' Combin. 


442 


4.0 


. W 


80 


44.1 1. 


no 


33^^ 


90 


4S3 


50 


33211 


■3^ \ 


432 » 


400 


331111 


75 


43"» 


X 25O 


32221 


liSD 


4222 


50 


3221 II 


240 


422 1 1 


300 


3211111 


30 


42IIII 


125 


22222 


6 


41111II 


. ' 


222211 
2221111 


45 




. 20 


1320 






. 


1126 




1320 




373 




Combinations in all 


2819 



23 



To give account of our proceedings in this Ex- 
ample, it may be obferved, that all the figures de*^ 
creafe towards the .right. In the firft place, we take 
the greateft 5 and 5, and then break the latter 5 
into 4 and i, or into 3 and 2, or into 3 and r,i. 
Having done with 5^^^ we take 5,2, and fill up 
(10) with 2,1, or with 1,1, i. . 

Having done with 5, we take 4, and fill up with 
the greateft numbers, not exceeding 4; as with 
4,2, and 4,1,1. For if we had taken a bigger 
number than 4, we (hall find it difpatched before; 
and therefore we muft always take an equal or a 
lefs number. In the next place we take 4,3, and 
fill up with 3, or 2,1, or 1,1,1 ; and thus we 
jgo on till all the right hand numbers are diiTolved 
into 1 5. , 

Having finilhed thofc with 4, we take 3, and 
put to it 3,3,1, the greateft numbers that exceed 
not 35 and proceed as before •, but we have now 

C ^ no 
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additional numbers, to do with, above 2. And 3 
being done, we go to 2, and the whole coUedion 
ends with 2221 1 1 1 ; for we cannot break 2 into i 
and 1 , for the number of places would then exceed 
7^ which it cannot do. 

All thefe forms being thus had, their feveral com- 
binations arc obtained, by the i'econd article, and 
fet againft them in the table. And this example 
may ferve as a fpecimen for other more difficult 
cafes. 

Scholium. 

When rtj the number of things to be taken, is 
very great; you may firft take the number of »i — n 
things ; and find how many combinations there will 
be for them ; for there will be juft as many for one 
as for the other. And then having the combina- 
tions of m — n things ; by taking thefe feverally 
out of the whole, you will have tnc combinations 
of n things required. As if m :=. a^i^Cj and 
n zn 4y then m — » zz 2, and all the two*s will be 
tfiT, ai^ ^9 bh^ he. Thefe taken feverally out of 
a^V'c^ will leave abbc^ aabcy aahb^ acy a^h \ which 
are all the combinations of the four's. But. the 
number of forms will not be the fame in both, there 
being only two fornrw in the two's ; and three forms 
in the four's Neither will the number of combi- 
nations, in the correfpondent forms, be the fame. 

PROP. IX, 

^he number of compofitions of n things taken out of 

ft rows^ each row confifling of fn things^ i$ m\ or thi 
n^^ power of m* 

Let there be any number of rows abed 

as thefe annext. It is plain the num- ^ f S k 

ber of fmgle things as a^ b^ r, d^ is t k I m 
m or m\ 

Then 






Thpp the number of combinatioas qf every z, is 
had by joining, each quantity in ^he fccond row to 
all the quanuties^ in the firftt which will . make a$ 
many times m as there are things in the fecond row, 
or m times w, that is «»* -, for all the two's. 

Again, taking in, the third row ; there will be as 
many times m\ as there are things in the third' 
row, that is m times mm^ or m^ i for the compor 
fition of three things. 

After the fame manner if a fourth row was taken, 
in ; all the combinations of every four, would be 
m* ; and fo on. And therefore univerfally when n 
rows are; taken in, the number of cojmbination* 
will be iw% which is the number of compofitions. 

» 

Cor. I . The number of compqfitUns of all the onfs^ 
two*Sy thrtt^Sy &?r. to », is m. 

For ^!_IlJ = WJ + w* + i» + !• 
m — I 

And ^ , ^ w = f»* + «^ + 1» -f I, as will ap^ 
m — I 

pea^r by divifion, or in general, m -rznt^ 

+ !»"— S &c. to w = compofitions of all tlie 
one's, two's, three's, &c. to n. 

Cor. 2, Hence J may be found the cotnpojition of n 
things out of w, as follows. Involve m to the n^^ 
power for the anfwer ? 

Examp, I. 

How many compofitions^ of 3 lelters out of to? 
Anf. 20^ = 8000. But thcfe Ihouldbc here, 3 
different alphabets. 

Ex. 2. 

How many changes are there on throwing four dicif 
Anf. 6* =: 1296. 

F R O P. 
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PROP. X. Pr0b. 

If there be m rows of quantities givcn^ having tht 
fame quantities^ and the Jame number cf tbem^ as a^, 
b^ ^ 4' &^« 7ofnd tbe mmber of camf^tions of m 
things taken out of the mrovos\ for sn^ given f of m^^ 
ef thefe quantities^ as a^bU^^y &c. 

-RULE. 

Put V =: rariations of the things a^Vc^J^^ 

And'A r: variations or alternations of the irt** 
dexes, tvv>9c^ both found by Prop. IV, Then will 
A V r: number of compofitions itquirdd. 

For kc the difierent rows in the laft abed 
Prop, be made all alike, or the firil row abed 
m times repeated, as here And let the abed 
number of things propofcd be a^h^e \ and abed 
firft let the index 3 be fixt to ^ , and 2 to abed 
b^ &c. Now fmce a^ may be taken out of abed 
4ny 3 rows, and ^'out of any two remain- abed 
ing rows •, and c out of the laft remaining row ; 
therefore there will be fo many ways of taking 
thele letters, as each of theni can be placed in dlN 
ferent rows, that is, in different places or (ituations> 
for the varying the /ows is the fame thing as va- 
rying the places of the letters ; and confequently 
the number of diiferent ways of taking them out 
of the feveral rows, is equal to the number of va- 
riations or permutations of thefe letter^, to be 
found by Prop. IV. which number is n V. And 
this will hold as long as the indexes are fixt to thefe 
particular letters, and to none elfe. 

But fince in any one form as ^ '^V, that form will 
take in as many cafes, as there can be variations 
made in fhifting the indices, from one letter to a- 
riother ; therefore ther^ will be fo many times V, 
as is the number of thefe variations. Therefore if 

A = 
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A = number of variations or alternations, of the 
indices 3, 2, i*, or in general, of r, v, x^ w. 
TJ^qn AV will be the whole number of con^pofi^^ 
tiohs, that particular forni wiH admit of. 

'^Cor. r. Hence iH an^ a*f^(r'(t'&c. where the in^ 
ikesanfixt invariably tt^ their particular Utters \ the 
number of compofitions V will be^ 

1.2.3 . . /^ X i-a-S • • • tovx&cz * 

Cor. a. if n-izi number of different letters in anf 
for^ a^b"^€^^ &c. Then the whole number of compo- 
Jitions for that form will be zz 

1.2.3 ... to n ^ 1.2.3 "* ^^»> . 

RS &c. 1.2. . /xi . 2 .. t?x&c. ' 

where R == 1.2, or 1.2.3 ^^* according as any in-^ 
dcx is twice or thrice, &c. repeated j andthejik^ 
for S, and fo on. 
• Here follow f6me examples* 

Examp» X. 

Mow many compofitions are in the form l»^^V ? 
Hercii=:3, » = 6, / rr 3, t; = 2, w =14 And; 
here is no repetition of indeiea. Therefore 

Anf. j.2.3 X ^^^•3'4'5' ::^ 5 jj gQ _ -5^^ 

1.2.3x1.2 

£^. 2* 

jyi^ w^»y compofitions in the form e^b^e ? 
'Here » = 3, »i rr 5. / =: 2, ?; :=: 2, * rr i; 
The index: 2 is twi<* repeated. Therefore 

• AnC -4-^ X J ^^^ = 3 X 3a = 90. 

1.2 1.2 XI. 2 

' Ex. 3. 

. STit? ^«^ the compofitions in the forth a'^hh 

Here' 
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m 

H«rc « == 2, mzz6. t^v = 3, w == o. The •^ 
iivicxj is twice repeated; and the letters a. h 

thrice. 

Anf. — X — 12JL2 , — I X 20 = 20. 

. 1.2 i»2.3Xi^-3 

Ex. 4. 
STi^ /W /itf number of cempafiHons of the form 

Here » == 4> w = 10. /,v = 3, w,;^ =2 2. The 
index 3. is twice repeated, as alfo the index 2. The 
letters, a^ *, are thrice repeated ; and r, i, twice. 

Anf. ^'^'3-4 ^ 1>2.3>4.5>6.7.8.9.IQ _^ 

I.2Xi.2 1.2.3 X 1.2-3 X 1.2 X 1,2 "" 

6 X 25^00 r= 151200. 

Ex. 5, 

^ How many compofitions in the form a'h^edef ? 

Here » r: 6, iw rz 14; / = 5; v,wr:3, ^=f» 
&c. Here the index 3 is twice repeated, and the 
index i thrice. The letter d^ 5 times repeated* i 
and b and c thrice. Hence, 
Anf. ''2.3.45.6 1.2.3.45.6.7.8.9.10.11.12.13.14 

'1.2.3x1.2 1-.2.3.4.5X 1.2.3 X 1.2.3 
= 60 X 201 80160 = 1210809600. So prodigi* 
oufly do the numbers increafe in thefe operations. 

S C^H o L. 

It may be obferved, that if the multinomial A +B 
+ C + D &c. be raifed to the m^^ power, and the 
given form, whofe number of compofitions is 
lought, be found among the terms of that power ; 
the numeral coefficient annext to it, will always be 
the number of variations V, that we want. See 
my Algebra, Schol. to Prob. LIX. B. I. Thus for 
the form a^b^c^ look in the fixth power, and you'll 
find 6oA^B*C ; therefore 60 = V. Alfo in the 

fifth 
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fifth power, you'll firjd goA^B^C, therefore Vi^r^o, 
for the variations of a^'V'c. Alfo with a^b^ in the 
fixth power, you'll find 20 for V; and fo of others. 
And this being known, this doftrine may be fer- 
viceaWe for finding the unciae of any term of a mul- 
tinomial. As fuppofe you have the 4th term of the 
7thpowerofA+B+C&c. which is A*B% A^BC, 
and A^D, 

^ The variations of A*Bj is 1.1.3.4.5.6.7 _ 

,— 35* 

1.2.3.4x1.2.3 

and the variations of A^BC =: '3'4*5f y -5. ^^^ 

1.2.3.4.5 

and the variations of A^D = ^'^-3'4'5>^-7 - 7 . 

1.2.3.4.5.6 
therefore the complete term is 35A*Bj + 42A^BC 
+ yA^D. And the fame may be done for any ci- 
ther term, if the letters that compofe it be knowni^ 
The doftrine of Combinations and Permutation^ 
is likewife applicable to many other purpofes, par- 
^ticularly to feveral problems of chance, which for 
brevity's fake I omit. 
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Or, the ART of 

Reckoning TIME^ 

DESCRIBINO 

The fercral Divifions of Time in common Ufe ; 
the Nature and Original of Cycles and Pe- 
riods^ and the moil remarkable Aera's ; and 
the manner of Computing the Numbers of fuch 
Cycles, or the Common Notes, for any Year ; 
the moveable Feafts ; the Places of the Sun and 
Moon ; and the Nature of the Calendar. 

Founded upon 
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PREFACE* 



r Suppofe little or nothing need he fold in praife of 
an art ^ which wejtandinneedof^ and are forced 
to praSlice every day •, andfuch is the art of ''Chrono- 
logy. Without this art we could not tell how time 
^oes on, nor undefftand the difference of times and 
jeafons* We daily want to know the rijing and fet ting 
of the fun and moon^ the increafe or decreafe and the 
lennh of daysy the mootfs changing and full^ and 
fuLch like things. 

There is fucb a near connexion between Aftronomy 
and Chronology, that fome authors treat of them to- 
gether\ and in this Treatife I have laid down fuch 
ajtronomical problems as are always wanted in Chro^ 
nology ; which are here fotved or rather reckoned, of- 
. ter a fhort way for common ufe. But to have them 
. accurate, mufibe performed more laborivujly by Afiro- 
nomy. 

As Chronology is of fuch ftrvige in reckoning time, 
and every body has fome huftnefs or ether with time ; 
therefore every body Jhould at leaft know the uje of the 
Calendar, and the common Chronological notes •, and be 
acquainted with fo much Chronology^ as to be able to 
point out the feveral times and feafons, as they are 
' dijiinguilhed in the country -where he lives. There- 
fore 1 have- here put together the eafufl elements of 

A 2 Chro^ 
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Chronology^ or thofe of mofi frequent ufe^ being fucb 
as relate to the civil computations of time.. 
- Cbronohff is abfolutely neceffary to be known ij 
allfuch as want to underftand hijiorj -, without 
which be will wander in the dark^ and be always at 
a io/i. For as the Hiftory tells us the perfon thai 
a£tSy and Geography gives us tie place of aBion^ fo 
Chronology muft give us the time of aSling \ without 
which we Jball have very imperfeSl notions of what 
we^ Uad: 'Pfr thisyeafon; I have added a Chrofwlo- 
giial table^ containing tbi mofi memorable aSttons 
that have happened^ and the mofi remarkable events ; 
and the times when the mofi famous men were alive. . 

// is irue^ the Chronology of ancient times is very 
obfcure and uncertain ; for though the faEls are mojtly 
truey yet thefe being annexed to wrong periods of time, 
has occafioned infinite perplexities and inconfiflencies in 
Chronology y which Jlood in great need of amendments 
For this reafon Sir I. Newton fet about reSlifying the 
SimeSy which he did with wonderful fagacity ; and has 
given us a, table of ancient tranfaliions^ adiufled to 
. their proper periods of timCj as far as be baa ajvy da- 
ta to work by J and perhaps as far as it is pofftble to be 
done in this age. By this means he has made a great 
many events in hiflory^ furprifingly to agree. This he 
effetledlrf reafoningfrom the lengths of generations of 
men, and of the reigns of kings, and by ajlronomical 
cbfervalions, where they could be had \ and thefe are 
infallible guides. 

For to confirm the time of any tranfaSlion, fever al 
eharaSers, taken from Altronomy, are of efpecial ufe ; 
as the eclipfes of *thefun and moon, the conjun£fions of 
the fuperior planets, the acronical riftng or fet ting of 
the flars, the occultation of the fixt flars by the 
moon, the places of the equinoSlial points, and fucb 
like. Thefe, when taken notice of by any hiflorian, 
go a great way in determining the time of any atiionor 
event, then mentioned. 

But 
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But fome perverfe people ^ bigoiied to another way^ 
And refohed ts oppofe all improvements % not content 
withwhdt Sir I. Newton haddone^' have- ventured to 
prile againji bim \ tbo^ tbey cannot tell bow to give a 
better ^em^ or clear the common fyftem of Cbronolo^ 
gyfrom its known inconjiftencies. In wBat they ad- 
vance^ they only give us the chaff and the corn toge^ 
ther i fome truths mioct with endkfs faljhoods^ abfurdifj 
and nonfenfe ; knowing no way to feparate tbem^ and 
wanting Sir IfaacV philofopbical Jieve ; fg tbey btun- 
der on in the old road, andjiick fafi among tbeir'ai'^ 
furditieSy not knowing how to extricate tbemfelvtu 
Some of them attempt to confute Sir Ifaac'j aftrono-^ 
mical computations^ which perhaps may go down with 
fuch as are no judges ; but will be lauded at by fucb 
as are \ for when things are examined^ they dppear to 
be mofi wretched computers. The way to confute bim 
is to invalidate bis proofs^ which tbey can never do^ 
Therefore the table I have annex t is moftly taken from 
bis table J as being evidently the moft confident fcbeme 
that has yet appeared. 
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CHRONOLOGY. 

DEFINITIONS, 

D E F. I. 

(^HRONOLOGr is the art of meafuring time, 

and adjufting all aftions and events^ to the fe- • 
veral points of time in which they happened. And 
thefe parts, of time are years, months, weeks, days, 
hours, minutes, feconds. Sec. 

D E F- II. 

A Tear is the time wherein the fun f apparently j 
moves round the earth in its orbit, or the earth 
CreallyJ moves . round the fun. This is the moft 
obvious and fcnfible meafure of large portions of 
time. 

D E F- III. 

• The agronomical or periodical Tear^ is the time 
wherein the earth moves round the fun, from' any 
ftar or fixt point in it$ orbit, to the fame point a- 
gain, and cx)nfifts of 365 days» 6 hours, 9 minutes^ 
1 4 feconds. 

D E F. IV. 

The tropical Tear is the time wherein the earth 
(or fun) performs its revolution thro' all the feafons % 
which being ended, they all return again as before* 
It confifts of 365 days, 5 hours, 48 min, 57 fee. 

D E F. V. 

The Egyptian Tear is the ancient year ufed by 
tH« ^'i^ptians^ and now ufed by the Per/mm^ and 

A 4 \x 



J CH RQNOLO G Y. 

is juft $65 days continually. This being fliorter^ 
than the trc^icalfcarby near 6 hours, a day is loft 
in 4 years ; and in about 1 500 years, the begifi^ 
ning of the year moves backward thit/ all the fea-^ 
ions. - Thb year is the moft convenient for aftro»* 
nomical calculations, as it is always the iam€) hav- 
' ing 00 intercalary days to interrupt it 

D E F. VI» 

The Julian Tear is the year inftituted by JnUuS 
(Ufar^ 46 years before Chrift. It contains ^6$ 
days for three years, which are called C&mmon 
Tears V and 366 days, every fourth year, which is 
called LMp Tear ; whence the Julian Year is 3654^ 
days at a mean. But this year being longer than 
the tropical year by full 1 1 minutes, a day is gained 
in 1 30 years \ or the feafons come fooner by a day 
in 130 years. And in 47540 years the beginning 
of the year would move forward, thro' all the fea« 
foas-of the year. 

DEF. vir 

The Gregorian Tear, is the year inftituted by Pope 
Cr^ory^ in 1582 ; it confifts of 365 days for three 

? rears, and 366 for the fourth, which is leap year, 
ike the Julian. But then every hundredth year, 
that is, not divifible by 4, muil be only a common 
year, inftead of a leap year. 

This fort of year is ncareft the tropical year of 
any, and agrees nearly with the apparent motion 
ci the* fun, and is defigned to keep pace with the 
tropical year. But it is very unfit for aftronomical 
calculations, being perplext with fo many interca*^ 
lation^. , 

It was contrived to be brought to the fun's mo- 
tion as it was at the time of the council of Nice, 
in 3^5 s which was done by dropping 10 days puc 
' pf the Calendar in the month of Oftobcr, In the 

Uft 
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bft'ccbtury it was lo days before the Jalian ac^' 
cOiitic ; and ia the preioit cctiturjr, is 1 1 days W 
fore tbe Julian year; and gains <me day more; 
ewry Sallowing century, except tn fuch as are t%'*^ 
aitly ^ divtfibk by 4* , But it is ifa-angc diat the 
Pope Ihould bqng back the beginning oi the year, 
only to the Nicene coundl ; whenit ought ixxfaavo 
been brought back to the time of Julius Casfar, 
when the error was firft begun ; ?at which time the 
vernal equinox was on March 24 or 25. And then 
inftead of lb days^ 13 or 14 fhauld have been cutf 

. Irhis y^ar was brought into ufe in Fnglandia 
the year iysz\ before which, the Julian account 
was always ufed. It.; was effefted by ftriking out 
I i days in September, calling the third day the four*r 
Ici^Rth^ and fo on. And the year to begin on Jan* i . 

D E F. vm. , 

The civil Ytar is the year which is in. conunon 
ufe in any nation. Thus the Julian year was ufed in 
England till 1752, a|id after that the Gregorian 
yearw^s to be always ufed. 

Different nations begin the year at different timesr 
The ancient Egyptians fixt its beginning in Auguft ; 
the Athenians and Grecians^ at the fummer folftice 5 
fixne places in Germany and Italy^ at the vernal equi- 
nox \ and others at the autumnal equinox. But moft 
of the Europeans begin it at the fim of January ; as . 
England does by a late aft of parliament. ^ 

Tjic year is divided into 12 months-, as alio 
into four quarters, for the four feafons of the year \ 
^rjmjg^ fummer, autumn, and winter. 

D E F. IX. 

The^lunar Tear confifts of 12 lunations, or 
*54 days ; it is ufed by the "Turh and Mahometans. 
•tt runs thro' all the fcafons in 32 years. 

DEF. 
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D E F. X. 

The lunifdlar Tear^ is the moft ancient year of 
all ; it confiftcd of 1 2 lunations or months of go ' 
days each ; which fell ihort of the folar year, and 
therefore they were obliged to add a month, when* 
ever they found it too ihort for the return of the 
feafons ; and to omit a day or two in an intercalary^ 
month, when they found itLtoo long for the courfe 
of the moon. 

D E F. XI. 

A Tear current is a year running on, and not 
yet compleated. The fame of days, &c. 

D E F. XII. 

A Month is the 12 th part of the year. 

D E F. XIII. 

, A folar Month is the time of the fun's paffing 
thro* a fign of the zodiac. 

D E F. XIV. 

A lunar or fynodical Months is the time between 
one conjunftion of the fun and moon to another. 
It confifts of 29 days, 1 2 hours, 44 miii. at a mean 
lunation. 

D E F. XV. 

Periodical Months . is the time of the moon's re*- 
volution, till it came again to the fame point, or 
the fame ftar. It is 27 days, 7 hours, 43 min» 

D E F. XVI. 

Civil or calendar Months is the length of 30 or 
■ 31 days, according as is fct down in the Calendar. 
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P E F. XVII. 

' jf monib ej weeks ^ this canfifb'offfour wcejcs ; 
^d IS of thtfe months* niake a^ year> wanting a 
day. ." X . . 

D E F. XVIIL 

' A ^eek is a colleftbn of i&vtn days, the ift day is 
f\inrdayv.2 monday, , 3 tuefday, 4 wedncfday, 5 
thurfday, 6 frid^y, 7 faturday; then they coine a- 
bout again in the fame order* Thefe day$ have 
their names from the fcven planets, 

D E P. Xlt. 

A day is the time wherein ^e fun fecms ta make 
pne revolution. This is t^ie moft fenfible part ot 
time for meafuring the fmall parts of it, 

D E F. XX.^ 

A natural day^ is the time wherein the fun moves 
round the earth, from one meridian to the lame 
again. Thi's is longer by about four minutes, than 
the time of the earth*s rbtation. 

Different people begin the day differently. The 
[/[/ironomers 2ind\Araiians begin the day at noon the 
^receding day, and end It at noon again. The 
^^j,, Italiaits, Athenians^ Aujfriahs and Bohemians^ 

jgin their day at fun-fet the preceding evenings 
and reckon till iun-fet again; The Babylanians be- 
gin and end their day at Tun-rife. The ancient E^ 
gyptiansj artd moft Europeans j begin the day at mid- 
night preceding, and reckon to the midnight fol^ 
lowing. 

D E F. XXI. 

An artificial or Jhtning dc^j is the time the 
fun is above the horizon, or the time between fun-- 
rife and fun-fet. And ni^kf is the time pf the fun's 
abfence. 
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D E F. XXI!. 

An bour^ is the 24th part of a natural day. The 
Italians reckon to 24 hours ; moft others reckon to 
twice 12. 

D E F. XXIIL 

Planetary houTj is the 1 2th part of the time of 
the fun ihining ; as aUb the 12th part of the time 
of his abfence. 

The Jews and ancient Romans divided the day 
into 1 2 hours, whether long or (hort ; and begun 
to reckon their hours at fun-rife» and ended at fun« 
iet, when they began to reckon the hours of the 
night, which they alfo divided into 12 parts or 
hours. . Whence the hours <rf their day were lon- 
ger than the hours of their iiight in fummer 1 and 
Jnorter in winter. The Turks ufc this way at prc- 
fcnt. 

D E F- XXIV. 

A minute is the 6o(h part of an hour ; a fecend 
the 60th part of a minute \ and fo of thirds^ fourths^ 
&c. 

D E F. XXV. 

A period or acle^ is a certain fpace of time, or 
a revolution of a certain number of years, which 
]beinff ended, it begins anew. Thus, 

The Julian period confifts of 7980 years ; the 
produft of the numbers, 19, 28, 15. This period 
was 4713 at the beginning of the Chriftian £ra. 

The Diof^an or ViSorian period is 532 years, 
being the produdt of 19 and 28. This period wa^ 
457 at the beginning of the Chriftian Era. ' And, 

DE F. XXVI. 

An Era is a particular account or reckoning 

of time, from feme remarkable point 5 to which 

account' all events and memorable aftions arc 

" " . referred; 
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referred. This has a bcghming bfut no ending, as 
a period has. 

^ ; The following are the moft remarkable Era% 
kccotding to the common account. 

Years before Chrift. 
Of the world, ^ 4000 * • 

Noah's flood, •^ , 2294 

Of the Olympiads (Greek) 776 

Buikling of Rome (Roman) > yg^ \ 
Nabonaflar, - ■■ ' ■ 747 

Of Chriffs birth, — • 3 

Years after Chrift. 

Dioclefian perfecution, 284 

Hegira, among the Turks, 612 

Gefdegird, among the Perfians, '€ji • 

D E F- XXVIL 

Epocba ia the firfl: point of lime, or the -begin- 
pidgof an Era. , , f 

D E F. XXVIII. 

. r Siilet the method of reckoning time. The Ju- 
lian ftile is the did ftije^ in ufe from the time of Ju- 
lius Casfar. The Gregorian Jiiky is that begun by 
Pope Gregory y called the new ft He 5 and ufcd in 
Enghnd fince 1752. 

D E F. XXIX. 

The Calendar is a day book for a year, divided 
into twelve parts for the twelve mooths, . and each 
month into its proper number of days, all regu- 
larly numbered 5 which numbers arc to (hew the 
day of the month. 

The names of the months from the beginning' tp 
the end of the year, and the days in each are, Ta-' 
nuary^i, February 28, March 31, April 30, May, 
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«, June 30, July 31, AutoII 31, Scptciriber ^^ 

06lober3i, November 30, December 31 : in leap 
year February hath 29. The number of days in 
each month may be remembered by thcfe lines, 

30 dayj b^b September^ 
Jpril^ June^ and Novewiber^ 
February has 28 alone^ 
And all the r^ bw( 31* 

Againft the days of the month in the Calendai*i 
are let all the remarkable days, holy days, feftivals, 
term times, with fuch Phaswomcna of the fun and 
moon, as are ufeful for meafuring and determining 
the feveral times and feafons of the year, but el* 
pecially all the fixt daysr; for if the moveable days 
are inferted, it is more properly an Almanack^ and 
lads only for .a year 1 whilft the Calendar is per- 
petual. 

Every week is divided into fcven days, which 
are denoted by the firft-feven letters of the alpha- 
bet, A, B, C, D, E, F, G ; A ifi fet at the firft 
day of January, B at the fecond, C the third, &C4 
all following rn order, and keep their i^laces in- 
variable. The letter that falls on a fund^ is called 
the Dominical letter. 

Since a common year has 365 days, or 52 weeks 
•and one day ;. therefore A will Hand againft the laft 
day of the year^ as well as againft the firft. There- 
fore if any year begins on a funday it will alfo end 
o^; a funday ; and therefore the next year will be- 
gin on a monday \ and therefore the next year, to 
'that, on a tuefday ; and the next, on a wednefday ; 
and-fo on till a leap year happens, when Fcbruaiy 
4ias 29 -days,- Gind then that year goes forward, or 
le^ps two days. And hence it follows, that the 
funday lerter for each Succeeding year moves one 
letter back, in this order. A, G, F, E, &c. titt 
leap year, and then it moves two letcers back. 

la 
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In the yearly Ciarys fir Almanacks, the Sunday 
letter is commonly marked a red letter, to denote 
it belongs to Sunday. Forafl nations fet apart 
one day. in the week for publick yvorfhip. The 
Cbriftians obferve the firft day in the week, or Sun- 
day, which they call the Lord's day* The Grer * 
cianSy Monday ; the Perfians^ Tuefday ; the Aj^y^ 
rians^ Wednefday ; the Egyptiansj Thuriday ; the 
, Turks^ Friday ; the Jtws^ Saturday, which they 
call the Sabbath. * . 

Befides the periods (>r cycles before mentioned, 
there have been feveral others ' in ufe among the 
ancients ; as a Jubilee /^g years, ufed by the Jewa. 
An Olympiad 4 years, ufed by the Greeks. A 
Luftrum 5 years, ufed by the Romans; and the 
Roman Judicature 15 years. An Age ov Century 
iQo years. 

S C HO 1. 1 u M. ' 

I fliall- here m^fcerorae remarks concerning the 
calendar and the diirifion of the year;, nQt only 
in their prefent form,* but as for^merly ufed. 

Before the time of Julius Cafar^ the moiuM 
confifted alternately of 29 and 30 days, by which 
means the new tnoon kept to the firft day of et^erjr 
'month, when once rightly adjufted; and their 
year always begun with the new moon ne^eft thjc 
vemal equinox. But afterwards, by the order of 
Julius C^far^ xht months were made to confvtt qf 
30 and 31 days alternately, aiid the laft of 29.; 
which made up the year, or 365 days. And che 
year begun at March. The naonths and days weuc 
as follows. 



Mardh 31 
April 30 
May 31 
June 30 



July 3 1 
Auguft '30 
Septem. 31 



November 31 
December 30 
January 3 1 



30 in leap year. 



October 30 February 29, arfd 

* 



But 
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But this regular and uniform meth6d was al- 
tered by Auguftus C^far^ who made Auguit 3t, 
and February 28, and the reft as we have tbieM 
now. But tho' the faid uniform method of com-^ 
potingt was altered at the pleafure and humour of 
a Roman tyrant ; yet it is ftrange that none re* 
fhned it again after his death, upon account of 
Its fimplicity. 

This Julian year with its months thus difpofed, 
has feveral advantages ; as 1 . the year beginning 
at March; the intercalary day» in leap year, 
would come in at the end of the year, where it 
ought to be, and would difturb nothing. Thus 
in leap year, Feb. 30 would be the laft day of the 
year. 2. From this diftribution of the months 
mto days, it will follow, that if the day of the 
moon's changing in March, is known for any year» 
it will be known in all the following months, ac- 
cording to her mean motion, by continually ad- 
ding a day for every month pdl March ; becaufe 
each month taken one with another, is a day lon- 
ger than the mowi's fynodiC revolution. 3. The 
year beginning at March, it would be near the 
time when the fun is in the vernal equinox, whick 
is the beginning of all aftronomical computations. 

It is certain, the more fimple any account of 
time is, the more eafy and regular will any com^ 
putation be, that depends upon it. But the year 
now in ufe is quite otherwife. For the beginning 
of the year is fixt to the firft of January ; and the 
intercalary or additional day, which comes in e- 
▼ery fourth or leap year, is added at the end of 
February ; which in effeft makes two beginnings 
of the year. For at the* beginning of January,' 
there is a change of the dommical letter, and of 
every other thing depending on it. And on the 
^rft of March there is another change of the do- 
minical letter, and of all other things relating 

' » thereto. 
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tlbereta# So that qdc &9gment <i| the ywr is re|;u<» 
la^cd b)r oqc fu]^^ v Md another^ by anpthet n^; 
w14p1i is ^ m^oifeft abfurdicy^. por it mu& needs 
^M^ft^ ^brUr4 t<» ^ny body^ to fea an additional 
iiay tbruft into the middle of a year> wlienetbere 
is ao room £or ii. But this is not all, for in the 
times following Julius Oe^r^ ohis intercalary day 
was abfufdly thruft into the middle of a month % 
a,nd the 24thof Febt'^ary was< to b<$ reckoned twice 
over \ as if it were poSible for onie day to be two*; 
or two day^ to be only on^ day. 

It may be iaid for eascufe^ that moll of Eurojpc 
foUovs that way of reekontng^ and thcfefore we in 
England, for the conveniency of correfponding with 
tjicm^. ought to follow the fame. However, all n8r» 
tions that obferve this fort of year, nwft labour un*, 
der the like abfurdities. 

When Pope Gregory akerpd the civil year, and. 
impofed it upon all Chriftendom to obferve; he 
ihould have redified it to the tiaje of Chriftfs .births 
and nqt to the time of the council ofNw* For 
obr epocha i$ not dated from the Nicene ooUneil^. 
but from the birth of Chriit. And at that time Cih& 
vernal equinqx was not on the 2 1 ft^ of March, but 
on the 24th or ^jth* 

When the Proteftant ftates of Germany came to a 
refolution to alter the Calendar, they would not re-* 
Ceive the Pope's mandate, but did it in their owb 
way, after this manner. They ordered that eleuea 
days fliould be left o^it of February after the t£tlv 
day, in the year 1700,^ So tlxat inftead of writing 
Feb. 19, they ihould write March 1. And thifit the 
time of Eafter for the future fhould be determiiied 
by aftronomical calculation ; ^hich was to be the 
firft funday after the firft full moon after the vernal 
equinox. Or the funday after, when the fuU nioaa 

feU on a fgpday. '^ * . • ; 

■' . ... 

\ 
I 
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As to our Calendar, as now ordered by the Stilc 
aft, it keeps the fame form, yet it differs in this 
particular, that the golden numbers are fet to the 
full moons in each month, and not to the change^ 
as formerly -, which variation feems to have no man* 
ner of advantage in it, but a manife(t difadvantage. 
For it is more material to know the moon's change, 
than the full, in every month except March. 

To enquire particularly what fort of a year, or 
what kind of computation, had been the moft con- 
venient ; we fliall mention feveral ways that it may, 
or rather might have' been ordered. And, 

1. As the year confifts of 365 days, 5 hours, 49 
rriinutes very near. It might have been ordered to 
confift of ^6^ days for three years, and 366 every 
fourth year, as the Julian year does. And placing 
the odd day at the end of December \ beginning 
the year with January. Or, 

2. The Julian account might be preferved, and 
the odd day put at the end of February ; and the 
year to begin at March. Then altering the domi- 
nical letters in January and February, fo as to be 
continued from December in alphabetical order. 

3. The year might always have begun on the 
fame day of the week, as fuppofe on funday, which 
would have much facilitated any computation by 
the day of the month. But it would have happened 
that we fhould always have, at the end of the year, 
two faturdays, and fometimes three. But I know 
of no inconvenience this could have been ; and it 
would have had that advantage, that the firft day 

'of the week would alfo have been the firft day of 
the yean 

4. But this might at leaft have been done, viz. 
continuing the Julian year as it was, only beginning 
the year at March i. For the Julian year is very 

. near the folar year, and is very commodious for 
calculation, being- a mean between the aftrono- 

mical 
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ttticai and tropical years. And is attendeii with 
jio other inconvenience,- but .a fniall alteration of 
the feafons, the terms, fairs, &,c. which might 
have been mended by putting them forward about 
a week in a thoufand years, by an aft of parlia- 
ment. Whilft fhifting the year to agree with thefe, 
is like fhifting the fire to a man, to lave him the 
labour of going to it. But be the convenience or 
inconvenience what it will, we muflf be forced to 
take up with what we have. However we know 
this, that we had but'^one account to follow before, 
and now we have two to follow. 

PR OB. I. 

To find how many years it is after leap year. 

By the Gregorian account, which is the account 
we alfo follow ; every hundredth year that is di- 
vifible by 4, is a leap year, and the others not* 
And moreover, every common year that is divi- 
fible by 4, is leap year, and the reft not. Whence, 

RULE. 

Divide the year of our Lord by 4, and the re- 
mainder (hews how long it is after leap year : if 
o remains it is^leap year. 

This holds *^^f6r both Julian and Gregorian ac- 
counts. But in the Gregorian, no even hundreds 
are leap years, but fuch as can be divided by 4. 
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Example %. 
Let tbi year ie iy6g. 

4)1769/442 ' 
16 



16 
i5 



9 

8 



I the firft after leap year* 



P R O B. IL 



To find on 'sohat daj of the toeekj a given day ef 
the month falls on* 

RULE. 

The initial letters of the words in the following 
two lines, are the dominical letters for the firft 
day of each month in order ; whence it is^afy to 
feckon any day by the dominical letter. 

ji dram did give Ben eafe ; 
Good cheer J for all did freeze* 

Epeamp. 

On May 16, 17655 the Sunday letter. is A, and 
B (Ben) is May 'i/, whence A is the yth^ therefore 
the 7, i4> 21, 2JJ are all Sundays y and therefore 
the 1 6th is Tuejday. n 



P R O B. 
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P R O B. III. 

^ofind the cycle of the fun^ or the number of it^ > 
fcr any year. 

The cycle of the fun^ or radier of the Sunday 
letter, is a period of 28 yejirs 5 jn which time it 
fljews all the variations of the dominical letter. 
And this period being ended, all the numbers and 
correfeondent letters, return again in the fame or- 
der, for ever, by the Julian ftile ; but only till the 
century is out, by the Gregorian. Its principal 
ufe is to find the Sunday letter ; but it is alfo ai) 
ingredient in the Julian period. 

RULE. 

Add 9 to the year of Chrift, and divide the (iitn 
by 28 ; the remainder is the numtjcr Qf the cy« 
cle. If o remains, take 28^ 

Examp. 
iM the year be i7^« 



"^j.'nH*' 



98 ■ 
84 

rem. 14 the fun's cycle* 

S c H o L. 

The cycle oF the fun continues always the fame, 
;ind alfo the connexion of the numbers, with the 
letters, according to the Julian form. But the 
connexion of the numbers with the letters, by 

B3 the 
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the Gregorian ftile, is variable; any cycle ladings 
but lOO years, and then a new cycle is to take 
place. 

P R O B. IV. 

^ofnd the demintcal letter or letters^ for an) year. 

i I R U L E. 

Add 17 to the year of the Lord, and divide the 
fum by 28 ; the remainder being found in the old 
cycle below, (hews the dominical letter, for the 
newjlile. If o remain, take 28. This rule holds 
only till 1 800. 

For the oldftile^ feek the number of the fun*s 
. cycle (found by the laft . Prop, ) in the old cyc^e 
below, and againft it is the dominical letter. 
,This holds for ever. 

Note^ there are two letters in leap year ; one 
holds till the end of February \ the other to the 
year's end. 

The old Cycle. 



t E 

4 e- 



5 BA 

6 G 

7 F 

8 E 



9UC 

10 B 

11 A 
12G 



14 D 

15 c 

16B 



17 AG 

18 F 

19 £ 

20 D 



21 CB 

22 A 

23 G 

24 F 



25 £D 

26 C 

27 B 

28 A 



To make this rule general for the new ftile j 
inftead of 17, between the beginning of 1800 and 
1900, add .5, between 1900 and 2100, add 21 j 
from 2100 to 2200, add 9, &c. And in general, 
add 1 6 more at every hundred years forward, ex- 
cept fuch as are divifible by 4. But after 7 ad^ 
ditions of 16, the fame numbers will return a- 
gain J that is, after 8 hundred years. 



Example 



.A.^ 



- — ^, ^^ 



1 



C H R ON O L O G T. 

Example. 
JVbat is the dominical letter for 1769 ? 

: But for old ftile, 14 
(the number oF the cycle) 
(lands againft D* 



2r 



1769 

»7 - 
'28)1786(63 
i68. 




J06 
84 




22 =A 

cycle, for new 


in the old 
ftile. 



To fhew the truth of this rule for all future ages. 
Here we keep to the old cycle and pofition of the 
letters, without alteration ; and find new additional- 
numbers for every fucceeding century; becaufe 
every century (except the 4th) is a common year, 
and therefore the Julian account is difturbed at 
thefe times, and requires an alteration. 

In the Julian account the additional number is 
perpetually 9, becaufe it was 9 at the beginning 
of the Chriftian era. And as the whole contri- 
vanc^ was arbitrary, the firft year of the cycle was 
made a leap year, and fet 'to the letter GF, the 
2d is E ; the 3d D -, the 4th C, the 5th BA, be- 
ing leap year again -, and fo on till it come to 28, 
when it ,begins again. For if there was only a 
jGngle change of the dominical letter ev^ry year, 
the cycle would be completed in 7 years. But 
fincQ in every 4th year there is a change of two 
letters, therefore this cycle will confiit of 4 times 
7, or 28 years; which being completed, all the 
letters return again in the fame order. 

Nows to make a tranfition from the Julian to 
the Gregorian account. The ftile was altered in 



44 CHRONOLOGY. 

1752, a leap year; and the Julian lettera EI>9 
that is, D for the end of the year. Now by 
dropping 1 1 days, any week day is, by that means ^ 
moved 1 1 days forward in the alphabet ; or rather 
(throwing out 7)4 days forward. Therefore the 
Sunday letter, from D Cin the Julian) becomes A 
(in the Gregorian^ ; and being leai) year, the 
letters will be BA. Now againft DE in the cycle 
(lands 25, and againft BA is 5, which is 8 places 
beyond 25 ; but 9 + 8 n 17 ^ and as we added 
9' to the year .to find the Julian letter, we muft 
now add 17 (which is 8 more), to Bnd theGregorian 
letter, by the old cycle. And this holds till the 
beginning of the next century, or between 1700 
and i8oo. 

In the year 1800, the laft rule would give 25 
(ED) in the cycle, but fince it is not to be a leap ^ 
year, it will be only E. Therefore we muft fcek 
jn the old cycle for FE, to the end that 4 years 
after, in the cycle, -may be a double letter -, and 
then all will go- regularly forward till the next 
century* Accordingly againft 13 we find EF, 
Then counting forward from DE to EF, we 
Ihall find EF to be 16 places beyond, and 17+16 
= 33, or rather ( rejecting 28)5. Therefore feeing 
before, we added 17 to the year ; we muft now, 
add 5 to get the number and letter, between 1 800 
and 1900, 

In the year 1900, by this laft rule, we ftiall 
find I (GFJ in the cycle; but not being leap year 
it muft only be G ; therefore feek AG, which is 
at 17, which is #6 before GF; therefore 5+16 
or 2 1 is the number to be added, which holds 
frorfi 1899. to 2IOO; becaufe 2000 being leap 
year, maJces no alteration. 

In the year 2100, we (hall find 21 (CB), which 
muft only be C ; then find DC in the cycle, which 
is 16 further; and 4i X 16 — 28 z: 9, the addi- 
tional number for z loo +, till 2200. Thus 
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Thus adding 1 6 continually for every i oo years 
Cexcept leap years),, gives lb many new rules. But 
after 800 years, we ihall fall upon the fanie num- 
ber of the cycle as at firft ; and the fame numbers? 
will return again 5 for 7 x 16 zz 4 X 28. There- 
fore the numbers to be added, in thefe fevcral pe- 
riods of time will be 17, 5, 21, 9, 25, 13, i. 
Then 1 7, 5, &c. over again. 

2 R U L ,£• * 

Add 9 to the year of the Lord, and divide the 
fum by 28 •, the remainder beiitg found ih the I 
new cycle below, {hewfs the dominical letter for the 
new ftilc, till 1 800. Or find it in the II new cycle^ 
Ihews it after till 1900. When o remains take 28. 

For the old -ftile ; thus. 

Divide ibe year its ^Sb and 4, ^ 7 ; 

PFbafs left fubJtraS from 7, tbe letter^ s given. 



H 




H new Cycle for if 00, 


&c. 


I ED 15 A 


2C 


16 G 


3 B 


17 FE 


4 A 


18 D 


5 GF 


19 C 


6 E 


20 B 


7 D 


21 AG 


8 C 


22 F 


9BA 


23 E 


10 G 


24 D 


II F 


25 CB 


12 E 


26 A 


13 DC 


27 G 


1 14 B 


28 F 1 



Ei^awf. 
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Examp. 
'To find the Sunday letter for 1769 ? 

1769 
9 



. 168 
84 



.1 new Cycle. 



14. = A the fundof letter in the 



It has been fhewn before, that at the beginning 
of every century, i6 is to be continually added, 
for a new additional number. Or that the number, 
finding the dominical letter in the olcj cycle, is 
16 places further on. But this is equivalent to 
making a new cycle, fetting the letters, found at 
the 17th number, in the firft place; the 18th in 
the fecond 5 and fo on in order. And this muft be 
done .every 1 09 years ; or anew cycle made for 
each century. 

It was likewife fhewn, that in changing the 
Julian for the Gregorian ftile, that 8 was to be 
added to the Julian additional number, which is 
the fame thing as reckoning 8 places forward 
from the firft, and making that place, which is 
the 9th, the beginning of the I new cycle. Thus 
in the old cycle CD is the 9th place, and in the 
I new cycle it is the firft ; and all the reft follow 
in order. Again the 17th place of the I new 
cycle is DE, which therefore muft begin the 2d 
new cycle. And if you would make a third, it 
muft begin with EF ; and a fourth with FG -, and 
fo on. Therefore in changing from the ift to the 

3d> 
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3d, 5th, 7th, &c. hundred year 5 as alfo from the 
2d to' the 4th, 6th, 8th, .&c. you move 4 places 
forward in the laft cycle. For 16 + 16 zi 32, 
.which exceed 2 8 by 4. But here it muft be re- 
membered, that I except fuch hundreds as are 
leap years, becaufe they make no alteration. 

The firft method ftiewed you to find the letter, 
by finding new additional numbers, retaining the 
fame cycle -, and the latter fhows how to find it, 
by finding new cycles, retaining the fame additional 
number. But the firft method is eafier, becaufe 
a new number is eafier found than a new cycle j 
but either way will do for the prefent age, 

3 RULE. 

Add to the year its 4th part ; then divide by 7, 
and fubtraft the remainder from 7, giveg the num- 
ber of the letter, from 1 700 to 1 8oo, 

After the beginning of the year 1800, 1900, 
.2IOCJ, &c. add the 4th part + 6, 5, 4, &c. ref- 
pedtively. 

And in general for every 100 years (not leap 
years) abate i. But after 7 fuch hundred years j 
the fame numbers return again. 

Nofe^ there being two letters for leap year, thi^ 
rule finds that, for the latter part of the year. 
And if tUe year has an cxaft 4th part, it is leap 
year. 



^7 



Exdmp. 
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Examp. 
Find the Utttr ftr 


1769. 


1769 
44a 




21 




is 


• 


7 




4* 7 
Z5 6 


( 


6. I 


zr, A the letter 



In any century, by reafon of the leap years, 5 
letters go over in 4 years, reckoning from any 
fixt time. Let us reckon from 1700, when the 
letters were DC. Then in 1701, 2, 3, &c. the let- 
ters are B, A, G, &c. Therefore, if to any year 
•(after 1 700) its 4th part be added, the fum (hews 
the number of letters elapfcd, fince that time. 
And that fum divided by 7, the remainder fliews 
what letter it is, beginning at B, and reckoning 
backwards. The letters being numbered will ftanJa 
thus, 

B, A, G, F, E, Di C, B, A 
123456789 

To 1 700 add its 4th part 425, then the fum 2 1 25 
divided by 7, there will 4 remain. If o had remained, 
we might have taken the year of our Lord inftead 
of the year after 1 700, without any more to do. 
But fince by ufing the year of our Lord inftead of 
' the year after 1700, the remainder will be more by 
41 therefore to accommodate this rule to the year 

of 
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of our Lord, we muft begin to number four places 
fooner, asud then we fhall fall upon the fame letter 
cither way. The numbering will be thus, 

F, E, D, C, B, A, G, F, E, n, C, Sec. 

01234 

That is, the year of our Lord divided bv 7, th« 
temamder will denote the letter as abo^e. But fub-* 
trading thefe remainders from 7, we fliall find fot 
A, I ; for B, 2 5 for 3, C j &c. in the order of tha 
alphabet, as laid down in the rufe. 

In 1 8 00 (not being leap year) and the foHomng, 
the letter falls i fhort;, therefore the remaindel 
tnuft be diminifhed by i, or the year itfelf dimi- 
nifhed by i ^ for the fame reafon, 1900 and the 
following years, mud bediminifhed by 2; 2100, 
&c. by 3, and fo oh. Or it comes to the fame thing 
if 1800, &c. be increafedby 6, 190a, dec. increafed 
by 5, 2100, &c. increafed by 4, and foon. For 
6, 5, 4 are the complhncnts of i , 2, 3, to 7. 

Cor. !• The fmfs cycle being knawn^ the Gregmim 
Utter is knewn^ hy adding 8, atid finding the fum u§ 
the old cyckj gives the letter ; till i8oa 

Cor. 2. The old dominical letter being, given^ that 
for the new Bile is bad by adding 4 letters. This 
kolds tiH iBoo. 
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A Table (hewing the Sunday letter till i Sod^ 



years 


lett. years 


I 

lett. 


years 


lett. 


years r lett. 


1 


1760 


FH 


1770 


G 


1780 


BA 


9* 


B f 


61 


D 


71 


F 


81 


G 


92 


AG 




62 


C 


72 


ED 


82 


F 


93 


F 




63 


B 


73 


C 


83 


E 


94 


E 




64 


AG 


74 B 


84 DC 1 


95 


D 


• 


65 


F 


75 


A 


85 


B 


96 


CB 




66 


E 


76 


GF 


86 


A 


97 


A 




67 


D 


77 


E 


87 


G 


98 


G 




68 


CB 


78 


D 


88 FE 


99 


F 




6^ 


A 


79 


c 1 


89ID 


1880 


E 




/ 

« 


« 


P 


R 


B.- V. 









Sic? find the golden number for any year. 

The golden number or prime j is a cycle of 19 
years, increafing i every year, till it be completed ; 
after which it begins again. This period of 19 
years being ended, the new moons, and fuU moons, 
fall on the fame day of the month, as they did 
19 years before; and therefore it is called the 
moon^s cycle. To find it, 

RULE. 

Divide the year of our Lord by 19, and to the 
remainder add i, gives the golden number, for 
both old and new ftile. 



Examp. 



CHRONOLOGY. 

4 

Examp. 
What is the golden number for 1769. 

19)1769(93 
171. 

59 
57 



2 

add I 



3 the goldcii number. 



Ji 



A Table of the golden Numbers till 1 800. 



years G.N. 


years 


G.N. 


years 


G.N. 


years 


G.N.' 


1760 


13 


1770 


4 


1780 


14 


1790 


5 


61 


14 


71 


5 


81 


J5 


9« 


6 


62 


15 


72 


6 


82 


16 


92 


7 


63 


16 


73 


7 


83 


«7 


93 


8 


64 


17 


74 


8 


84 


18 


94 


9 


65 


18 


75 


9 


85 


19 


95 


10 


66 


«9 


76 


10 


. 86 


I 


96 


II 


6y 


I 


77 


II 


87 


2 


97 


12 


68 


2 


78 


12 


88 


3 


98 


13 


69 


3 


79 


13 


89 


4 


99 


14 


\ 


^ 




* 






1800 


15 



P R O B. VI. 

To find the Epall for any year. 

The epaS is the number to be added to the lunar 
year, to make it equal to the folar. This is a cy- 
cle depending on the golden number, and is like- 

wife 
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wile compleated in 1 9 years. It increafes 1 1 e^erf 
year, rejecting 30 when it 18 above that ; but tl^ 
epad never exceeds 29^9 Its ule is for finding the 
new moons in March, and from thence in every 
other month. 

I RULE. 

Take i from the golden number ; and then mul- 
tiply the remainder by 1 1, and divide the produft 
by 30, and the remainder is the epai^ for the new 
ftile. When o remains take 29. 

This Rule holds from 1 700 to 1 900, after which 
the epadl-fo found, mud be leflened by i, and for 
every 240 years after, it mufl: be ledened by 1 
more, contmually. 

For the oldftilCj multiply the golden number by 
1 1 9 and divide by ^, for all years. 

Examp. 
What is the EfaEt for 1769? 

The golden mimber 3 

fubf. X 



II 



30^22(0 
o 
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A fynodic revolution of the moon is 29.53 + 
days, and 12 fuch revolutions arc 354.37 days^ 
and the Julian year is 365.25 days, which exceeds 
thefe 12 revolutbns by 10.88 days. . Hence if the 
moon changes at a certain time in one year, the 
next year fhe will change 10.88 days fooner ; and 
the next^ 21.76 days fooner^ and the next, 32,64 

—29. 
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-^ 29.53, that 13 3. 1 1 days fooncr ; and fo forward. 
Thctclorc in any number of years, after^ if 10.88 
be multiplied by that number, and the produdt di-» 
vided by 29.53 ; the remainder will Ihew how ma- 
ny days the. change happens before the fixt time in 
the firft year. But becaufe we do not want to know 
the Fraftions or parts of daysj but only in general, 
what day the change happens on ; therefore, in- 
ftead of 10.8S and 29.53, we may take the round 
numbers 1 1 and 30, which will give nearly thm 
isLtnc remainders. 

After 19 years are expired, the cycle begins a- 
gain, and the changes happen on the fame day, 
and almoft on the fame hour, as they did 19 years 
before. For in 19 years, the moon performs 235 
revolutions, and 235 x 29.53 + r= 0939.69 days, 
and 19 X365^ cz 6939.75 j the former falling fliort 
only about .06 of a day, which is i^ 28". 5o that 
m 1 9 years, the new moons happen near an hour 
and a half fooner ; ' which in a little more thaq 300 
years, will be a day fooner. And ; lince the Gre- 
gorian is (horter than the Julian yeir by three days 
in 400 years, or nine days in i20O7ears ; and the 
pew mpons happen fooner by near four days in 1200 
years ; it is plain, the new moons will happen later 
in the Gregorian account by (9 —4 or) near 5 days 
in 1200 years j or i day in 230 years. Therefore 
the numbers of this cycle being once adjufted to 
the golden number, for the year i ^pp, it will con- 
tinue the fame for above 200 years. And hear the 
firft number of the epafl: is o . or z^, and then 0\l 
the reft follow of courfe -, whence we gf t the rule' 
above. And fince the epads are to (hew how Ipt^ig . 
before a fixt day the moon changes;^ it is plain the 
epa6l is {o be diminiflied i in every 230 years. 

2 R U L E. 

Seek the golden number for the year in the fol* 
lowing njcw table of epads, and againft it, is the 

C epaft 



33 
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epa£k fought. This table continues in force till the 
year 1 900 ; -after which the epa6b muft be lefi^ned 
by !• - ' • 

Examp. 

Snppofi 17^9. ^be golden numher for this year k 
3, againjt 'which is 22, ibe epa£i for the fcUd year. 

3 R U L E. 

Diminifli the golden number by i, fcek the re- 
mainder in the firft column of the old table below, 
againft which is the epad. 

JBx. 

In 1769, the golden numher is 3, therefore againjt. 
* h 22 the epaSl. 



Old Table, i 


New Table. { 


G.Num. 


Epaa. 


G.Num- 


Epad. 


I 


II 


I 


29 


2 


22 


2 


II 


3 


3 


3 


22 


4 


»4 


■ 4 


3 


5 


«5 
6 


5 
6 


14 
25 


7 
8 


«7 
28 , 


7 
8 


6 

^7 


9 
10 

II 


9 


9 


28 


20 


10 


. 9 


I 


11 


20 


12 


12 


12 


I 


»3 


23 


13 


12 


14 


4 


14 


23 


'5 
16 


15 
25 


15 
16 


4 
15 


'7 
18 


7 
18 


17 
18 


26 

7 


_ 19 


29 


19 


18 



Cor, 
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f. Havii^ the tfaS fer ^ fiilt^ that for the 
wemftik t»<^ hfifnunA'by fi^traeing 1 1 frcm t behold 



3? 



(»fte. 



A Tabk of Epafis till 1800. 



years tepafl: 

1760 
6i 
62 



63 
64 

66 
by 
68 
6 



9^ 



12 

+ 

26! 

7 
18 

0.29 

II 

22 



ytars bpad 
»7^: 3 



71 

7^ 
73 
741 
75 

ye 

77 
78 

7S 



»4 

-?5 
6 

»7 
28 

9 
20 

I 

12 






years 

17.8.0; 
81 

.83 

H 
8.5 

■86 
87 
88 
89 

I 



epadt [years 
., a^, i>79fi) . 



4 

■; 15 
26 

-7 
18 

•0,29 

II 

22 

3 



9> 
92 

93 

95 
96 

9t 
98 

99 
i8oo" 



epa£t 

.f4 

25 
6 

»7 
28 

9 

20 

I 

12 

23 

4( 



PR OB. VI!. 

To find the day »f the moprls ihat^ing h M$rcbi 

R U L E. 

Add I to the epad, and fubtraft the /um frpnj 
30, the remainder is the day of the chaage. * 

Exam. 

The change is required in March 1768. 

» ^^ 

Epaft II . 

add 1 



12 

30 

18 dwifr 



^•— *i 



C 2 



IfK 
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' In the year 1 700, the moon changed on Maf ch 
20, near four an the afternoon, by the Gregorian 
ftile. The epad then muft be 9, that 9 4- 1 or 
10 being fubftra£ted from 30, there niay remain 
20, for the day of the change. But the golden 
number is 10 ; therefore fetting the epaft 9 againft 
the golden number 10, all the other numbers in 
the cable of epafts will foUow of courfe^ 

P R b B. VIH. 

To^find Ae day iff Eajier full moon. 

Softer full moon is the firft full moon after the 
2ifl:day of March, 'and is called the fafcbal full 
m^on^t or Eafter limit. And it is denoted by the 
momber of, days from the beginning of MarclK 

I R U L E. 

By the laft Prob, find the change day in March 
for the given year, to which add 15; and if the 
fum be more than 2r, this will be Eafter full 
moon : if lefs, add 30 to it, and it gives Eafter 
. limit, . » . 

^' Examp* 

Find Eafter full moon for the year lyBg. 

The day of change' March 7 
.' , : add 15 

Eafter full moon 2 2d of March. 



2 R U L E. 

Find the epadt for the year, and fubtraft it from 
44', if the remainder is equal or greater than 2i, 
it is th€ day of fuU moon : if Icfs, add 30 to it, 
and it gives Eafter limit. 

For 



L. 
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For the otdftiU^ fubtraft the old epaft. from 47- 

Let ti>A par he i7$9. 

44 ' 
epadl 22 

Eafter lijmit 2 2d day of March. 



For the new mogn m March is 39 — i + epa6fc 
r: 29 — cpaft ; and adding 15 days for full moon,. 
29 + 15 — epaft, or 44*— epaft = tiine of full 
moon fram the beginning of March. 

5 R U L £• 

Find the epaft in the firft colijwnn of the fol- 
lowing Table, againd: which ip the fecond column 
is the day of the pafchal full moon j and the- 
letter for that day. This Rule holds till looOi. 
N. Stile. 



C 3 ■ Epa(^8» 
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1 




£pa£ts. 


Paf. full Moon. 


I 


12 April D 


3 


10 April B 


4 


9 April A 


6 


7 April F 


. 7 


6 April E 


9 


4 April C 


II 


2 April A 


12 


I April G 


14 


30 March E 


15 


29 March D 


'7 


27 March B 


i8 


26 March A 


20 


24 March F 


22 


22 March D 


'23 


21 Mdrch C 


25 


18 April C 


26 


17 April B 


28 


15 April G 


029 


13 April E 



Examp. 

In 1769, the epaSt is 22^ againfi which we have 
March 22/^r the full moon^ and its letter D. 
This table is conftruftcd by the 2d Rule. 

S c H o L» 

It is ordered by A<5t of Parliament, that the paf- 
chal full moon is to be the firft full moon after the 
21ft of March. But it had been more agreeable 
to the coeleftial motions, to have made it the firfk 
full moon after the vernal equinox. For the equi- 
nox is not on March 21, but on March 20. For 
this rcafon, the rule laid down in the A6t, fome- 
timcs fails, as it did in 1761, when the Eafter fuU 

moon 
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moon fell on March 20, a little after the equi- 
fiox ; being agreeable to the Table^ but different 
from the; Rule. 

P R O B. IX. 

T'o find E^fter day in any given year. 

Rafter day (by A£t of Parliament) is the firft 
Sunday after the firft full moon, next after March 
2 1 ; and if that full moon be on a Sunday, Eafter 
4ay is the Sunday following. 

But inftead of March 21, it (hould have beeii 
the vernal equinox^ to make the Rule univerfally 
true. 

Or Eafter day is the. firft Sunday after the paf- 
chal full moon^i or Eafter linut« 

X RULE. 

Add 3 to the day of Eafter full moon, or 
Eafter limit (found by the laft Prob.), and divide 
the fum by 7, and fubftraflt the remaihder from:- 
the dominical letter, (borrowing 7 if need be) ;. 
add this laft remainder to Eafter foil moon, gives 
Eafter day, reckoned from the beginning of March^ 
N. S. 

Noie^ If the laft remainder be o, take 7 tor it ; 
and in leap year^ take the letter which ferves for 
the latter ps^rt of the year. 

The fame rule ferves fpr the old fiile^ ufing the 
Julian Calendar, &c. 



^ 4 Exojx^ 
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Exam. 

When does Eafter fally in 1769 ? 

Eailer limit 22 March 

3 



> « 



7)25(3 
21 



4 

Letter A = i or 8 

LalV Rem* 4 

22 



Eafter day 26 March. 

For fince March begins with D, adding 3 to 
Eafter limit, makes the reckoning commence at A. 
And dividing the whole by 7, the remainder fhews 
how far Eafter limit was advanced in the alphabet 
A, B, C. Let R be that remainder, S the Sun- 
day letter •, then S — R the laft remainder, (hews 
how much the reckoning falls fhort of Sunday ; 
which therefore muft be added to the limit, to find 
Sunday ; and the fum will be the diftance of Eafter 
day from the bcginmng of March. 



Golden 



C H 

Golden Months, 
Numb. Days. 



14 

3 
II 

n 
16 

5 
«3 

2 
10 
18 

7 

>5 
4 

12 

I 



17 
6 



Apr. 



Mar. 2 1 

22 

—23 

a4 

—25 

26 

27 
—28 

29 

30 

•31 
I 

2 

• 3 
4 

• 5 
6 

7 

• 8 

9 
10 

■II 

12 

13 
.14 

15 
■16 

»7 
18 

19 

20 

2i 

22 

23 

24 

25 
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Sun, 



41 



Let. 



C 

D 

E 

F 

G 

A 

B 

C 

D 

E 

F 

G 

A 

B 

C 

D 

E 

F 

G 

A 

B 

C 

D 

E 

F 

G 

A 

B 

C 

D 

E 

F 

G 

A 

B 

C 



2 RULE, 



Find the golden number in the 
6rft column of this Tables againft 
which in the 2d column ftands the 
day of Eaftec full moon. Then 
look in the 3d column for the Sun- 
day letter next following* and the 
day of the month, ftanding agdnft 
it in the 2d column, is Eafter 
day. This holds from 1 700 till 
1900, N. S. 

iVo/^, If the fall moon happens 
on a funday, the next funday if 
Eafter day. In 'leap year, take 
the letter for the end 01 the year. 

Example. 
To [find Eafter dcy in i ySg. 

The golden number is 3, and 
funday letter A. Againftj, flands 
Mar. 22 and D; and looking 
down to A, it ftands againft Mar. 
26, which is Eafter day. 

The fame Table will ferve to 
find Eafter frorn 1900, till the 
beginning of the year 2200, by 
only placing all the numbers in 
the firft column (except the two 
laft), a line lower. And for each 
following 100 years, a fine lower 
ftill 

This Table is token froip the 
aft 1750, for altering the ftile; 
and muft always ftand good ; even 
tho' it difagrce witlji aftronomical 
calculations* 

3 R U L E. 
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3 RULE.' 

In the following Table, find the golden number on 
the fide, and go crofs over, 'till you come under the 
funday letter at top ; and there you will have the day, 
and the month towards the left hand» when Eb&cv day 
is. N, S. 

A Table to find Eafter till igoo. 



gold. 


A 


B 


1 

C D 


E 


F 


"^ 


num. 














1 


Apr. 1 6 


i7 


18 


'9 


20 


14 


15 


2 

3 


Apr. 9 
Mar, 26 


3 

a; 


4 

28 


5 
29 


6 
43 


7 
24 


8 
25 


4 


Apr. 16 


*7 


11 


12 


«3 


14 


»5 


5 


Apr. 2 


3 


4 


5 


6 


Mar. 3 1 


Apr. I 


6 


Apr. 23 


24 


-25 


^9 


20 


21 


22 


7 


Apr. 9 


10 


11 


12 


13 


»4 


8 


S 


Apr. 2 


3 


Mar.28 


29 


30 


3« 


Apr. 1 


9 


Apr. 16 


17 


18 


19 


20 


21 


22 


lo Apr. 9 


10 


• II 


5 


6 


7 


8 


II 


Mar. 2 5 


, 2j 


2829 


- 30 


3> 


«5 


12 


Apr. 1 6 


17 


18 


»9 


»3 


14 


15 


•3 


Apr. 2 


3 


4 


5 


6 


7 


8 


14 


Mar.26 


27 


28 


22 


43 


24 


25 


H 


Apr. 1 6 


10 


II 


12 


13 


14 


»5 


«^ 


Apr. 2 


3 


4 


5 


Mar.30 


. 3* 


Apr. I 


•7 


Apr. 2 3 


24 


18 


'9 


2d 


21 


22 


i8 


Apr. 9 


10 


It 


12 


»3 


7 


8 


'9 


Apr. 2 


Mar. 2 7 


28 


29 


30 


31 


Apr. I 



Examf. 

In } 769, /i&^ golden number is 3, ^n^ domt^cal lU-* 
fer A. 
Under A and agaiiril j, is M^ch 26 for Eafter 

day. 

Thii ' 
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• This Tabic is eafily compofcd from the laft, thi>s. 
Let the golden number be i ; againft it we find 
Apr. 13, aftd the letter E^ which being funday 
letter^ Eafter funday is Apr* 20. But the funday 
letters being F, G, A, B, 0, D; we find Apr. 14* 
mSj J^6, 17, 18-, 19, for Eafter funday, refpec- 
tively. And fo of the reft. 



^ 



A Table for finding Eafter day till 1 800. 



year £aft. d.l year Eaft. d 



1760 
61 
62 

^3 



Apr. 6 
Mar.22 
Apr. 1 1 



I 



Apr. 
641 Apr. 22 

Apf. 7 
Mar. 30 
Apr. 19 

Apr. 3 
69iMar.26 



65I 
66 
67 
68 



^Wi^iBMIh 



Apr. 15 
Mar«3i 
Apr. 19 
Apr. 1 1 
Apn 'i 
^ Apr.'i6 
7 a Apr. 7 
Mar.3Q 
Apr. 19 
Apr. 4 



1770 

7^ 
72 

73 

74 

75 



t J 
78 



79 



year 



Eaft. d. 



year 



1780 M[ar.26 

81 Apr. 1 5 

82 Mar, 31 

83 Apr. 20 

84 Apr. 1 1 

85 Mar. 27 

86 Apr. 16 

87 Apr. 8 

88 Mar.23 

89 Apr. 12 



67 

98 

9^ 
1 80c 



i^« 



Eaft. d. 






1790 Apr. . 

91 Apr. 24 

92 Apr. 8 

93 Mar. 3 1 

94 Apr. 20 

95 Apr. ^ 

96 Mar .27 
Apr. 16 
Apr. 8 
Mar.24 
Apr. 13I 



Cor. I. Hence y the titnes of all the moveable feajis^ 
that depend upon Ealier^ may be known. 
Septiiagejima Sunday is 9 weeks 
Sexag^ma Sunday is 8 weeks ^ 
Shrove Sunday y or quinquagefima^ Is 
" 7 weeks -— 

Shroi^e Tuefday^ J^-wednefday^ next )^ before Eafter. 

following 
j^inquagejima is 6 weeks 
palm Sttnday a week 
Good Friday 2^ days 
Low Sunday Ss 1 week -) 

Rogation Sunday is 5 wfeeks / 

Ajctnjion day^ or Hofy thurfdayy the L ^^^^ Eafter. 

Thnrfday after Rogation, I 

pmt'funday is 7 weeks I 

"Trinity Sunday is 8 weeks ^ Then 
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Then follow all the Sundays after Trimty in-or- 
der. The Sundays between Afli-wednefday an J 
Eafter, are called Sundays in Lent ; and the Sun- 
days between Eafter and Whit-funday, arc called 
Sundays after Eafter, 

Notey The diftance of Eafter Sunday from 
March. 2 1, is by fomc called, the Numhtr of Bi* 
nElidk. 

Cor. 2. From the Taile^ Rule 2, // appears, that 
Eafter can never fall fioncr than Mar. 22, nar later 
than Apr. 25. 

ScHOLItTM* 

I have not flxewn how to find any of the com* 
mon chronological notes or numbers, for years be- 
fore Chrift ; as it is more material to know what 
is to come, than what is paft. But that is eafily 
done, by reckoning backward, fo far as we need 
to go. Remembering that the firft year current 
before Chrift„ is thq next (backward) to the firft: 
year current after Chrift. Before 1582 there waa. 
no Gregorian year, and 46 years before Chrift, 
there was no Jrflian yean And to what purpofe 
can it be, to feek for any note, according to ei- 
ther Julian or Gregorian year, at a time when there 
was no Julian ot Gregorian year exifting. 

If the arithmetical rule, for finding Eafter, hap- 
pens to differ from the table in the 2d rule, it muft 
l3e fet afide. For that table is fettled by the 
ftile a6t, to be the general rule •, altho* the act at 
the fame time lays dbwn another, which is fome- 
times inconfiftcnt with the table. For the aft fays, 
that Eafter day, is to be the firft Sunday after the 
firft full moon, next after the 21ft of March. 
Which rule would have made Eafter a month later 
than by the table, in the year 1 761. Whereas if it 
h^d been nientioned, after the firft full moon, next 

after 
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'after the vernal equinox j which. was the 20th of 
March ; then the rule would have agreed with the 
table. And more, inftances of this kind may hap* 
pen. f 

But after all the fufs that has been i^ade for find'* 
ing a rule for the obfervation of Eafter ; the pre* 
fentrule is certainly a very ill contrived one; ancl^ 
had been better fixt to fOme Sunday; at a certaia 
time of the yean Jefus Chrift did but fuffer once,* 
and rife once ; which therefore muft have been at 
one certain time of the yean And if that time 
could be known, then the neareft Sunday to that, 
would moft properly be Eafter Sunday ; . which 
would have been eafily known. But our rule makes 
it vary 5 weeks from the time, as obferved in dif- 
ferent years. 

It is extremely probable that his paffion was, 
in the year 34, on Friday the 14th day of the. 
Month Nifan^ which by the Julian account, was^ 
on Friday April 23; and at that time the equi-. 
nox was on March 24. But with us how, the^-* 
quinox is upon the 20th of March, which is 4 
days fooner. Therefore bringing the paffion back 
to our way of reckoning, it will fall on April 1 9, 
and confequently the refurreftion would be- on 
April 21. Therefore if the neareft Sunday to 
April 21, had been fet apart for Eafter day, it 
would have been an exceeding eafy rufe, and very 
near the true time ; and I think this time might ' 
have been as well commemorated by an eafy and 
plain rule, that comes near the true time ; as a 
perplext one, that runs further from it 



PROBL 
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P R O B. X. 

Vo find in what year Eqjier day ihaUfaU en ihi 
i^tbef Jpril. 

Suppofe the prefent year to be 1 769 ; the cycle 
of the fun is 14^ dominical letter A» golden num* 
ber 3. 

But by the laft table in Prob. IX. when Eaftcr 
day falls on April 25, the dominical letter is.C^ 
and golden number 6. Therefore look into the 1 
new cycle (Prob. JV), and reckon from 14 to all 
^he places where you find C,. which will be after 
4, 10, 15, 21 places; and that is 4, 10, 15, 2% 
years after 1769. Then if ^ be the revolutions of 
the fun's cycle, e the revolutions of the golden 
number ; and fmce the golden number 6 exceeds 
the prefent golden numl^r (3) by 3 ; the time will 
be exprefled by any of the following equations, 
Therefore if ^ or ^ be founds the time will bu 
known. . . 

i.28i^+ 4= 19^4- 3*) 
t.a^a + 10 r: 19^ + 3 ^ rr number of years 
3.28^ + 15 = 19^ + 3 r hence. 
4.28^ + 21 = 19^ + 3 J 

Therefore by reduftion, we, get the following 
^uations. 

I.28i* -t- I z: 19^. 
2.28^ + 7 = 19^. 
3.28^ + 12 = 19^. 
4.28^ + 18 z: 19^. 

Thefe equations being refolvedi and the leaft va- 
lues of a found, we have i.a nz 2, 2.^ z: 14, 
3./1 =: 5, 4..a = 17. Here 2 being the leaft value 
Qf a^ 2ia + 4 =:: 60, ^nd iy6g + 60 ir 1829 

for 
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for the year ; which (hews, it will not happen ir^ 
this century. 

Again in the year 1800, the fun's cycle is 
17, and (by the II new cycle^ Prob. Iv J the 
dominical letter E, and the golden number 15. 
Therefore in II new cyde fProb, IV.) reckon from 
17 to all the places of C, and we fhall find 2, 13, 
19, 24. And fince 6 + 19 — rs zzl io» ITicrc- 
fofe we (hall have the following equations* 

28^+ 13 r: 19^+10(^^)28^ + 3 = 19^. 
2Sa 4- 19 =: 19^+ ^o r^ j 28^ + 9 = ige^ 
2Sa + 24 = 19^+ 10 J i2Sa + 14 zz 195. 

By the firft equation <a :;r 3, 22, &c ; by the fe* 
tond az:z 6 I by the jd, ^ = 18, and by the 4th, 
aizg. Taking ^ r= 3, 28^ + 2 =: 86^ years^ aad 
therefore 1886 is the firft ye^r that this thing will 
happen, and the Only year in the next century ; 
for all the other values pf a are too big, a« run- 
ning into the nejct century after. 

And in the fame manner we muft proceed. If 
any other day be aflSgned for Eaftcr. 

Scholium. 

If this Prob. was to be refolved by the Julian 
account, it need not be repeated^ becaufe we arc 
ftopt by no centuries^ as in the Gregorian account. 
But in the Julian, time runs on in the fame way 
for ever. And therefore after 532 years, which is 
the period for Eafter, or the Dionyfian period, all 
the days and years return again in the fame order, 
in the Julian accQunt» * 
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PROP. XI. 

^ofini the day of the montb^ when tbt fun enten 
the 12 Signs. 

Jev u Jkj Jb«« 

Beginning at March for the Sign Aries^ Then 
Tbi dayi^ for the firfi four couples^ "will te^ 

20^ 21, 22, 2^4 

Sherds fowr more months^ for them will he feen^ 
22, 21, 19 and 18. 

That IS, 

In March and April, on the 2Cth, for v and n • 
In May and June, on the 21ft, It, ^. 
In July and Auguft, on the 22d, {}, m. 
In September and Odober, on the 23d, ^, ttt. 

In November, on the 2 2d, / . 

In December, on the 21ft, yp. 

In January, on the 19 th, r:. 
• In February, on thd 1 8 th, K. 

Cpr. Hence will be known tbe pkce of the fun^ 
on any day ; by reckoning a degree for every day from 
tbe entrance. 

Exam. 

What is tbe fun's place Oil. 10 ? The fun enters 
Libra on the 23d of September, and Odlober 10 
is 17 days after ; therefore the fyin's place is €^ 17**. 

P R O B. XII. 

To find fte time of fun-^rifing orfetting at a$rf time^ 
for the middle of England. 

RULE. 

* Remember that on March 20, and September 
aj, the fun rifes and fets at 6. Then at i, 2, or 3 

months 
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months diftance, reckon 1, 2 or 2^ hours fooner 
or later ; and fo in proportion. 

Examp. 

On May i, the time of fun-fet is required. 

On Apr. 20th (being a month from March 20th) 
the fun rifes one hour fooner, that is, at 5 ; and 
May ift, C-bcing 4- of a month after) gives 20 mi- 
nutes more. So the time of rifing. May ift, is 
4** 40"; and fetting, 7** 20". 

P R O B. XIII. 

To find the day of the moorfs changing in any month j 
#r her agey on any day thereof. 

I R U L E. 

To the Epaft add the number of the month be- 

finning at March, and take the fum from 30 (ot 
0), gives the day of the change : or that fum ad- 
ded to the day of the month, gives her age, rejeft- 
ing 30 if it exceeds 30. 

Note^ In January and February the epaft of the 
preceding year mud be ufed. - 

This Rule fometimes varies a day, owing partly 
to the inequality of the months, and partly to the 
irregular motion of the moon. 

Examp. ' 

To find the change in July 1769, and her age the 
20th day. 

Epa6t 22 27 

Month 5 20 



a 

Subt. 
From 


27 
30 


Sub. 


47 
30 




Change 


3d day 




17 her 


age. 


, 


• 


D 


« • 


. 



The 



^o C'ii R O N'O-L'O G Y. 

The cycle' of *epa6ts is fo contrived, that at the 
beginning of it, the moon changes at the beginning 
of March •, and likewife ^t the end of it, about 
the 29th or 30th day. V^herite in any following 
year, the'cpaft will (hew the nun^berof days the 
change/happens, before ^ the end of March. And 
fince the tnonths are eaph, abo^it^a d^y longer than 
the time of one lunation ; therefore we muft add 
fo many days as there are months paft, from March ; 
whence that fum taken from 30 gives the day of 
the change. And that dsif fiibtfafted from a given 
day of the month, gives her age j that is, the gv- 
ren day — ^6 + fum zi age. 

2 RULE. 

Look for the month in the new Calendar at the 
end, and find the golden number for the year in 
the fecond column; againft it ftands the day of the 
change. 

If you ufe the Calendar in the ftile aft, the gol- 
den number finds the full moon. 

• 
Exam. 

Tofnd the change of the moon in July 1769. 

The golden number for the year is 3, which in 
July ftands againft the 3d day of the month, for 
the change day, 

3 R U L E. 

Look for the golden number in the proper month 
in the old Calendar, againft which is the old change 
day ; then reckon fix days further, arid you have 
the day of the change by the new ftile. 

Exam. 

To find the change in July 1769. . 
The* golden number is 3, an^ ftands at the i7th 
<lay» Reckoning fix further, falls on the 2d oi 

Auguft. 
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Auguft, Or - rather feek 3 in June, whkh ftands 
at the 27th day*: from which reckoning fix more, 
it falls on the 3d of July for the change. 

For m the xild • CalAidar, the mcton is 4 tr 5 

days back, and the new ftile eleven days forward ; 

' thtrefore' the change is,* by the new ftile ( 1 1— 5 = ) 

;6 days forward of the old ftile, or fometimes 

I'll --^4 or) 7 days, 

i> R O B. XIV. 

To find the tithe af- the MoorC s fouthing. 

rule;, 

Take 8 tenths of the moon's age in daySj 
gives the hour of her fouthing. 

Examp. 
On July 10, iy6gy the moon is /even days old, 

7 
•8 



■*■« 



5*6 zz .5^ .36", the fouthing. 



For the fynodic revolution -of the moon being 
apt days, whilft ftie gains .24^ hours of the fun ; 

therefore m one day fhe wilLgain-£l- =: . 81 of an 

hour. And in any number of days, fo many times 
.81, or 8 tenths. 

Cor. To find the time of high water at London 
Bridge^ add three hours to the time of her. fouthing. 



D 2; pROB; 
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P R O B. XV. 

^ofind the Mo9tfs place in the Zodiac^ oh any day. 

Find the fun's place for that day, to which add 
4 tenths of the moon's age in days ; that is> fo 
many figns ; and you have the moon's place. 

Example. 
^0 find the moon\s place July 20, 1769; 

Moon's age 17 

•4 



or 

Sun's place 



6.8 
6° 24' 
3 2 



Moon's place 10 22 
Or Aquarius .... 22* 

For in I^t days the moon gains 12 figns of the 

fun •, and in one day flie leaves the (un -i- or -1- 

29t 10 
of a fign. And in any number of days, flie will 

be fo many times ji- of a fign before him^ or more 

10 

exadlly .407, before him. 

Cor. ^he moon leaves the fun 1 2 degrees^ or ra- 
ther 12.2 degrees^ in a day. And — the moon* s age 

■ 5 

gives the mooifs difiantefrom the fun^ injigm. 



P^ O B. 



J 
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P R O B. XVI. 

fo jind the time of mo en rijing or fitting, 

I R U L E. 

V Find the moon's fouthing, or how many hours 
fhe fouths after noon. Take half this number of 
hours, and reckon fo many months forward from 
the time given. Find the nour of fun-fet, for the 
time you reckon to ; this will be the moon's femi- 
diurnal arch, or half the time of her fhining. 
' Then add the femidiurnal arch to the fouthing, 
gives the fetting ; or fubtraft it, and it gives her • 
riling. 

Noti^ between the change and the full, you need 
only find her fetting, for flie rifes in the day-time. 
And from the full to the change, her rifing j for 
then Ihe fets in the day. 

Example. 
July 20tby lySo. 

■ 

Modn's fouthing 13. 6 =: 13^ 36™. 

half — 6.8 months. 

.6 months froni July 20, is Jan. 2oth* 
And 6.8 months from July 20th, is Feb. 14. 
The fun fets on Feb. 14th, at 5** o" fubft, 

from moon's fouthing, 13 36 

moon rife . 8^ 36", at night. 

For when the moon fouths 12 hours after the 
ilin, (he is got fix figns from him, and then is 
\yhere the fun^ould be fix months after; and 
whatever her fouthing be, (he is advanced fo far, 
as the fun would be, after half that number ot 
months. And when (he is there, her femidiurnal 
arch is equal to the fun's, or equal to the hours of • 

D 3 fun-fet* 
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fun-fet. And this is the arch the moon has to de- 
fcribe after her fouthing. 

2 R U L E. 

Find the moon's placp in the zodiack, and the 
fun's femidiurnal arch when he is there ; which will 
alfo be the moon's, 

Then to vV the moon's age, add. the femidiur- 
nal arch, for the fetring ; or fubftraft it, for the. 

rifing. ; : 

Examp. 

On July xo/i&, 1769. The moon's age is 7, and 
/ her place 6* 12% and her femidiurnal ar^h 5* 40". , 

T?5.her age s*^ = 5' S^" 

add — 5 40 . 

. Moon fets at 1 1 *" i^" at night. 



WH*" 



For -^ of her age is the time of her fouthing* 
and her femidiurnal arch is the fame as in the firft 
^ule. 

, Cor. I . Hence tbt time of, the tmoiCs Jhitdng is 

twice the femidiurnal arch found above. 

Cor, 2. From henu it is eajy to know bow long the 
moon fhines after jun^fet^ or iefore fun; rife. Tbus^ 

To the fouthina add the femidiurnal^ arch, and 
fubtraft the time of funrfct ; for the hours of fhining 
after fun-fet. 

And to the time of fun-rife add the femidiuraal 
arch, and fubtradt the fouthing (after 1 2 is abated ^^ 
and you have the hours of fliining before fun-rife. 

For the moon's fettlng — the fun's fetting =;, 
hours of fhining after, fun-fet. And fun-rife -^ 
moon-rife =; hours of Ibining before fun-rife, 

S C H O** 
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Scholium* 

- » ■ » _ 

Thcfe rules will fometimes.vary an hour or mqre* 
which is occafioned by the moon's latitude, and ir- 
regular motion. The fix laft' Problems are properly 
aftronomical; but having fo-near a relation toChro- 
nology; are put here ; and ferve well enough for 
computing thefe things fdr ordinary ufc, and arc 
cafily wrought. 

P R O B. XVII. 

To find the Roman indiSiion. 

Thp.R$Man inii^i^ W?$ atertn prp^rioctof 
fifte^njear^r of ufefanjodg thQ.Ro^i^p^* JF\or opcQ; 
iaifift^/i years, the;y colk&ed a tribute o^ tax froni . 
fuch cpq^tries as th^y h^d conquered. Biut this, 
period is of.no manner of uie now, but only as i(^ 
is an ingredient in the Julian period. To fiod it^ 

r 

RULE.' 

Add 3 to the year of Chrifl;, an4 divide hfy 
15, tbej remainder is the indi£tion. If o remains^, 
take 15., 

Escam. 

For the year 1 769 
add 3 

1772. 

15)1772(11^. 

27 122 

15 120 



122 2 the indidbion. 

D 4 ScHO- 
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There is an old rule which will give the GoldcB 
number. Cycle of the Sun, and Roman Indidlion, 
all at once ; 'tis this, 

It^hen ly 9, 3, to the year has added been^ 
Divide by 19, 28, 15. 

PROS. XVIII. 

^0 convert one Era or period into another. 

RULE. 

We myft firft know what year of any Era or pe- 
riod, anfwers to the firft year of Chrift for any o- 
ther Era) ; or what year of Chrift anfwers to the 
firft year of any period or Era. Then i fubtraft- 
cd from that year, gives the reducing number. 

Or ihuSi find. how many years one Era begins 
. before the . other ; and that will be the reducing 
number ; which being added or fubftrafted as the 
cafe requires, gives the correfpondent year com- 
plete in all cafes *, and likewiie the year current in 
all cafes, except when they run contrary ways ; and 
then a unit muft be added to one of the numbers 
to make them correfpond. 

\ Ex. i. 

What year of the Julian period anfwers to 1 769 of 
the Chrijlian Era ? 

The Julian period begun 47 1 3 years before Chrift, 
therefore to 1769 

add 47*3 

Anfwer, 648 2d year. I. P. 



Ex^ 
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Exampi 2. 

Wiatyear of Gbrifi ^fivers td the 46^ 5th year of 
the JulioH perUd t- 

Here 4713 fhould be fubtradled from 4635, but 
it being bigger, we mull fubftraft, the other from 
it, and the remainder' will be years before Chrift: 

4635 
--47 ''3 

— 78 years compleat. 
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But bccaufe the year of Chrift is running back- 
ward, it will be the' 79th year current before Chrift. 

' *i^» 3* 

fFbdt year of the Era of Nahonajfar anfwers to 
I y6g of the Chriftian Era? 

The Chriftian Era began 747 years after that of 
Nabonaflar. 

To 747 
add .1769 

2516 year 



Ex. 4. 

What year of Chrift anfwers to the loth of Nabo^ 
najfatr ? . 

20 ^ — ' 

—747 

— 727 years compleat. 
before Chrift 728 years current. 

Ex. 5, 

What year of the Hegira of the Turks j anfwers to 
the lothyear befm the Tezdegird of the Perjians f 

The 



58 C H R O N O L O G Y> 

' The Hegira begun lo years before the Yczdegird; 
from 30 
fub. 10 



20 year current or complcat. 

S c H o L. 

In uGng any period, if th^ number be more than 
the period ; divide by that period, and the remain- 
der is the number of the yean 

PROS. XIX. 

Having Jbe, cycles of the fun and moon % to find the 
year of the Bionyjian periods 

RULE. 

Multiply the cycle of the fun by 57, and the 
cycle of the moon by 476 j add the produfis toge- 
ther, which divide by 532, the remainder is the 
year required, 

Examp. 

Let the cycle of the fun be 1 7, and of the moon iii 

17x57 = 9% 
476X lic = 5236 

532)6205(11 periods; 
532- . 

885 
532 



the year 353 of the period. 

Inveftigation^ ' Find two numbers 28aj and igy^ 
that being refpeftively divided by 28 and 19, will 
leave no remainder; but divided alternately by 19 

and 28 will leavt i ; that is, leaves i, and 
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JM leaves r. Whence ^^^. "^ ^ = a whole 

2* .19 

number, zz x -r §iLZlJf,. therefore ^ *~ = 

19 19: 

a whole number =:,^, ^d by reduftion, a; z: 

i9£±l = 2P + t±^i therefore £jLI =-a 

9 . 9 9 

whole number =: q j whence p zz^q —' i j the 

leaft value of q is |, therefore p = 8, * = , 

Again, l21SIlJ = a whole number zz p, then 
_28£+j _ ^ 9/>+', and 9l±i = , 

19 .19 19 

whole^ number =: ft anid ^ = ■ S^."^ } = 2^ 

_ _ ^ 

+ Imi 5 therefore i — 1 =: a whole numbw =: 

9 9 

r, and j' = 9r + i ; and the Ipaft value of r is o, 

3 \ and i^ z=. sy = B. 

Now if A be multiplied by any number », and 
dividing by 1 9, it will leave n remaining, but divi- 
ded by 28 will leave o. 

Alfo if B be muUiplicd by any number i», and 
divided by 28, it will'leave iwremaining; but di- 
vided by 19 it leaves o. 

Thprefore. «A + »|B divided by 28, will leave 
m (17I; and divided by 19, will. leave n (11) ; 
therefore »A + mH is the year of the period. But 
fince 1^13 may exceed 28x19 or 532; therefore 
divide by 532, and the remainder is the year of the- 
' period., . ' 

' . Cor, 
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Cor# The year of the Bionsfian period being given i 
the cycles of the fun and moon are founds by dividing 
refpeSivefy by 28 and 19 5 for the remainder is the 
number of the cycle. 

P R O B. XX.^ 

Having the Cycles of the Sun^ Moon^ and Ih££iiohl 
to find the year of. the Julian period. 

RULE. 

Multiply the cycle of the fun by 4845, . 
the cycle of the moon by 4200, 
the cycle of indiftion by 6916, 
divide the fum of the produds by 7980, the re- 
mainder is the year of the Julian period. 

Eicamp. 

Let the Sun^s CyeU be 17, the MootCs ii, thf In^ 
diElion 6. 

4845 X 17 = 82365 
4200 X' 1 1 =:: 46200 
6916 X 6 zz 41496 

, ^ s 

7980)170061(21 periods. 
15960. 

7980 V 



I 



the year 2481, of I. P. 

Inveftigation. Since 28 X 19 X 15 = 7980, and 

28x19 = 532> 28 X 15 = 420, 19 X 15 = 285. 
Firft find three numbers 532 9C fA), 4207 CB), 
2852 (C) J that being refpedively divided 532, 420, 
and 285, will leave o remaining. But the firft di- 
vided by 15 leaves i, the fecond by 19 leaves i> 
the third by 28 leavei i. 

Pro- 
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Proceeding as in the laft ProWcm, you will find 
PC = 139 y = 10, z ;= 17 i and 532^ rt 6916 
=;= Aj 420jy z: 4200 z: B; and 2852; — 4845 r: C; 
as may be eafily tried by* dividing. 
, Therefore, as in the laft, »A + mB +pC di- 
vided by 15, 19, and 28 refpeftively, will leave 
the remainders », tn^ and p-; and therefore »A + 
i»B + pC is the year of the period, or the remain- 
der, after it is divided by 7o8o, For the quotient 
only fhews how many periods are elapfed. 

Cor. The ye,ar of the Julian period being given^ the 
Cfcles of the fun^ moon^ and indiSion are founds by 
dividing by 2Sy 19 and 1 5 refpeSively *, the remainder 
is the number of the cycle. 

P R O B. XXL 

fo explain the Calendar ^ its nature and conftruMion. 

A Calendar is a table containing 1 2 months, with 
all the days of thefe months, fet down in order. 
And the months are alfo divided into weeks by the 
7 firft letters of the alphabet. On the top of the 
following Calendar, you have the name of each 
month ; in the firft column are the days of the 
month, numbered i, 2, 3, &c. In the fecond co- 
lumn you have the letters of the week days, and 
the golden numbers. In the third column ape the* 
holidays, and other remarkable fixt days, fet a- 
gainft the proper days of the month. 

Among the letters, that which ftands for Sun- 
day at the beginning of the year, will be the Sun- 
day letter for all the year, and will point out all the 
Sundays. And the like for the reft df the letters, 
the fame letter always denoting the fame day of 
the week quite thro* the year. 

The 
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/• 



MARCH. 1 


APRIL. \ 


mon. letters 


Remarkable 


mon. 


letters 


Remarkable 


days. 


gol. n. 


days. 


days. 


gol. n. 


days. 


1 


D 9 


St. David. 


G 




2 


E 


Chad B. 


2 


A 17 




3 


F 17 


■ 


.3 


B 6 


Richard. i 


4 


G 




4 


C 


St. Ambrofe. 


5 


A 6 


' 


5 


D 14 




6 


B 14 


• 


6 


E 3 




7 


C 




7 


F 




8 


D 3 


Philemon. 


8 


G II ' 1 


9 


E 11 




9 


A 19 


\ 


lO 


F 19 


* 


10 


B 




II 


G 




11 


C 8 


' 


12 


A 8 


Gregory. 


12 


D 


» 


»3 


B 




13 


E 16' 


* 


>4 


C 16 




14 


F 5 




^5 


D 5 


- 


15 


G 


Perpetua. 


i6 


E 


* 


16 


A 13 




17 


F 13 


St* Patrick. 


»7 


B 2 




18 


G 2 


lidward. 


18 


C 




19 


A 





*9 


D 10 


• 


20 


B !0 


St. Cuthbert. 


20 


E 18 




21 


C 18 


Benedift. 


21 


F 




22 


D 




22 


G 7 




23 


E 7 




23 


A 15 


St. George M. 


24 


F 




24 


B 


1 


25 


G 15 


ILady day. 


25 


C 4 


St, Mark. 


26 


A 4 


\ 


26 


D 


1 


27 B 




27 


E 12 




28 C 12 




28 


F I 




29 p 1 




29 


G 




30 E 




30 


A 9 


Jacob. 


31 F 9 




1 ' 



The 
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L 

Tio.| leu. 
pa. Ig. n 

1 



M A Y'. 



Remarkable 
days. 



2 

3 

4 

5 
6 

•7 

;o 
I 
2 

3 

4 

5 
6 

7 
8 

9 
20 

21 

22 

23 

24 

25 
20 

27 

28 



29 
30 

3' 



I.S '7 
C 

D 6 

E 

F 14 

G 3 
A 

B II 

C 19 

D 

E 8 
F 16 

G 5 
A 

B 1.3 

C 2 

D 

E 10 
F 
G 18 

A 7 
B 

C15 
D 4 
E 

F 12 
G 1 
A 

B 9 
C 
D 17 



j U N, El 



\day. 



Silvanu?. 



Prudent. V. 



Bede, V. 



mo 

da. 

I 

2 

3 

4 

5 
6 

7 
8 

9 

o 

1 

2 

3 

4 

5 
6 

7 
8 

9 

20 

21 

22 

«3 
24 

25 
26 



i^»-«*" 



■ i< »,^ > 



I 



-fctt. 

g • n. 



Remarkable 
dajrs^ 



-- 



27 



E 
F 

G if4 
A 3 
B 
C II 

o.^ 

F 8 
G 
A 16 

B 5 

C 

D13 

E !^ 

F 

G 10 
A iS 
B 

C 71 

D lA 

E 

^ 4 
G 12 

A 

B 1 

C 9 



Boniface, M. 



^/. Batnalau 



St. Al^>an, M. 



>S/. 7flA» .gtff /. 



8D 



29 
30 



E 17 

F e 



I 



I 



5/. Peter. 
Lucina. 



■■f*' 



Tte 
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JULY. 


AUGUST. 


mo. lett. 


Remarkable 


mo. 


lett. 


Remarkable 


•da. 


g-n. 


days. , 


da. 


g-n- 


days. 


1 


G 




I 


C 


Lammas day. 


2 


A 14 


X 


2 


D 3 




3 


B 3 


Cornelius/ 


3 


En 


« 


4 


C 


\ 


4 


F 




i 5 


Dir 




5 


G19 




6 


E 




6 


A 




7 


F 19 


Tho. a Becket. 


7 


B 8 




8 


G 8 


• 


8 


C16 




9 


A 


» 


9 


D. 




lO 


B 16 




10 


E 5 


St. Laurence M. 


i II 


C 5 




11 


F 13 


• 


12 


D 


\ 


12 


G 


Clara V. 


H 


E 13 




13 


A 2 




14 


F 2 




14 


B 10 




• »5 


G 


Swithin B. 


»5 


C 




i6 


A 10 




16 


Di8 


' 


17 


B 




«7 


E 


• 


, i8 


C j8 


■ 


18 


F 7 


Helena. 


\ »9 


D 7 




19 


G 15 




20 


R 


MargaretV&M. 


20 


A 


Bernard. 


21 


F 15 




21 


B 4 




22 


G 4 


St. M.Magdalen 


22 


C 12 




23 


A 


Wr 


23 


D 


> 


24 


8 12 


Chriftiana. 


24 


E I 


St.Bartholomew 


25 


C I 


St. James. 


25 


F 9 


' 


2fc 


D 


St. Ann. 


26 


G 




27 


E 9 


1 


27 


A17 


* 


28 


F17 


r 


28 


B 6 Auguftine. 


29 


G 


Martha. 


29 


C 




30 


A 6 




30 


D14 


• 


^' 


B 14 




:?i 


E q 


r 



fmtmtm/fgmmimtmm 
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^1 



^mtm 



SEPTEMBER. 



mo. 
da. 



I 

2 

3 

4 
6 

5 

7 
8 

9 

lO 

II 

12 

i'4 

15 
16 

17 
18 

'9 
20 

.21 

22 

23 
24 

25 
26 

' 27 
28 

29 
30 



lett. 
g. n. 



F 

Gil 
A 

B 19 
C S 
D 
E 16 

F 5 
G 

A 13 

B 2 

C 

D 10 

E 

F j8 

I' 

B 15 

C 4 
D 

E 12 
F 

G I 
A 9 
B 17 
C 



Remarkable 
days. 



Giles. 



OCTOBER. 



Nat. V. Mary. 



lett. 
g. n. 



A 
B II 

C ig 

D 

E 8 
F 

G 1 6 Julia. 
A 



B 

C 






h. Rood d. h. cr. 



Lambert B&M. 



«3 
2 



St. Matthew. 



S. Cyprian. 



D 

E 

F t4.St. Michael 

G 3 St. Jerome. 



mo. 

da. 

I 

2 

3 

4 

5 
6 

7 
8 

9 
10 

iiD 

i2;e 

i3;F 10 
i4!G 18 
15 A 
16B 7 
17 c 

I8D 

19'E 4 
20 F 
21G 12 
22JA J 

23 B 

24 C 
2*; 
26 
27 
28 
29 

30 
31 



Remarkable 
days. 



Kemigius, a. 

Francis. 
Faith V. & M. 



S. Dennis. 



5 Etheldred V. 
St. Luke, 



Urfula. 



D 17 
E 

F 6 
G 14 
A 

B 3 
C II 



Crifpin. 



St. Simon^Jude. 



E 2 



Thf 



it 
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' 1 



NO V E M B E R. 



mo.l k'tt. 
I 

2 

3 

4 

5 
{ 6 



^B>i«ta 



Remarkable 
days. 



DECEMBER. 

Remarkable 



I 



9 

lO 

II 

IZ 

13 



tD 
E 1 

F 8 

G 

A 16 

Ib 5 
C 

D13 

E 2 
F 

Gio 
A 
B 18 



^// Saints. 
All Souls. 



Leonard. 



14C 7 



t 15 

16 

f '7 

18 

20 

<! 21 

22 

24 

I 25 
26 
27 
28 



D 

E 15 

F 4 
G 

A 12 

B 



29D 



C 
D 

E 
F 
G 
A 

B 14 

G 3 



I 

9 

17 
6 



St. Martin B&C. 

Brice. 

Machute. 

Hugh, B. 

Elizabeth. 
Edmund* 

« 

Cecilia. 

ScClem.B&M. 



Catharine. 



30 



MM* 



E II 



■^i^i 



^L ^nuuw. 



t»iit 




days. 



Barbara. 
Nicholas, B, 









Lucy, V. & M. 



SL Thomas, 



25B 



Cbrijimas day. 
St. Stephen. 
St. John Evan. 
Innocents. 



4 
} S. Roger. 

A iQ Silvefter, B. 

^ . — . — 
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Cor. Hence it wilt he no hard matter to compoje an 
Almanack^ from what has been laid down bepre^ 

For HI the firft place you muft have a Calendar, 
^hich.is the bafis of all the work; io chis, the 
fixt days are already placed. Then the chronolo* 
gical notes for the year; then alj the moveable 
idays are next to be inferted, and likewife the lawr 
days ; all the funday«, and holidays, whether fixt 
cir moveable, are put in red letters for <iiftin<3:iou% 
The law terms are thefe, 

, ©after tt^m bqgins 1 7 days after E^fter^ and' 
cods the. Monday following Afcenfian day. 

Trinity term begins I|2 days after Whitfuntide^ 
jimd continues f^ days. 

Michaelmas term begins the 9th or loth of Oc-v 
iober, and ends the 2^th or 29th of November. . 

Hillary term begins Jan. 23 or 24, and wds 
Feb. 12 or 13. 

Likewife the Univerfity terms may b^put in if 
any one pleafes. ' 

The next thing to be done, is ta put into fepa- 
rate columns the rifing and. fetting of the fun, the 
rifing, fouthing, and fetting of the moon, and 
iikewife the change and full, and quarters of the 
moon •, and fuch other aftronomical matters as may 
be. thought ufeful. 

But to have an Almanack compleat, all the Ce- 
ieftial Phenomena ought to be put in, fuch as the 
Sun and Moon's places and declinations ; the he- 
liocentric and geocentric places of all the planets^ 
' with their latitudes ; the moon's place and latitude; 
the rifing, fouthing and fetting of the planets; the 
cclipfes of the luminaries ; the afpefts of all the 
planets'; the places and eclipfes of Jupiter*s fatel- 
lites ; the fouthing of the ftars, the beginning and 
end of twilight ; the equation of time, the fun's 
right afcenfion, and other fuch like things. Molt 

E s of 
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of thefe things vary every year, and therefore an 
Almanack lafts but for one year. 

There are four things, which ought always to be 
. kept in memory : the year, the month, the day of 
the month, and day of the week. 

I fliall now infert a Chronological Table, {hew- 
ing the times when the moft noted events happen- 
ed, which are mentioned in Hiftory •, fuch as the 
chaiges of Kingdoms, the rife and fall of Monar- 
chies, the lives of famous men, and futh like 
things. And tho' the Chronology of antient times 
is very uncertain, yet it may not be amifs to know 
within a little, when fuch or fuch a tranfaftion hap- 
pened ; altho* by reafon of the great diftance of 
time, it cannot be known fo accurately as we couki 
wiih. 



A Chr(J* 



^ ' 



CHRONQLO G Y. 



n 



A Chronological TABLE. 

The Time is fliewn in Years before and fince 

' Christ. 



TH E Creation of the World according 
to Mofes ^ jidam made. By fame Ac- 
counts 4000, by others 5508, by others 
3956 years, 



Seib^ the fon of Adam, born 
JSnos, the fon of Seth, horn 
Cainan^ the fon of Enos, born 
Mabakel^ the fon of Cainan, born 
Jared born, the fon of Mahaleel, 
Enoch born, the fon of Jared, 
Mathufalem born, the fon of Enoch, 
Lamech born, the fon of Mathufalem, 
Adam dies, aged 930 years, 
Noah born, the fon of Lamecb,, 
Noah begins to build the ark, 
Mathufalem dies, aged 969 years, the oldeft 

man, -^ — — 

The ark finiflied. Noah*s flood, or the uni- 

verfal deluge, that drowned the world. 
The tower of Babel building, and the con 

fufion of languages, — — 

The Chaldeans now began tOiobferve the 

ftars. 
• Noah dies, 950 years old, ■ ' 

The vocation of Abraham^ — - 

A famine caufes Abraham to go into Egypt, 
Sodom and Gomorrah burnt, -^ 

Ifaac born, the fon of Abraham, 
Jacob born, the fon of Ifaac (afterwards 

called Ifrael) — 

Jofefh born, the fan of Jacob, 
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J$h living, the fon of Ifiachar. 
A great femine caufes Jaoob and his familji 
to go into Egypt, *— * — — 

'Jacob dies in Egypt, 147 years old, 
ifpfiph^^io dies in Egypt, aged no years, 
\Mofes born, -■ ■ ■ ' -^ 

;The king df l^^ypt orders all the rnafe chil- 
dren of the. Hebrews to be4cil!ed, 
..Tiie children of Ifrael-^oout of Egypt, and 
Pharoah and his fenny drowned in pur- 
ing them, — -^ 

,y^ir^ defeats the Gibeonites; and the fun 
ftands ftill, — — 

'Mofis dies, 120 years'old, -^ 

JoJbua^xtSy 110 years old, — 

; Gideon^ judge of Ifrael, defeats the Midi- 
anit^s, — .-- 

'Rutk 

Abimekcb kills his 70 brethren, and governs 
the Jews, -^ — <• 

Jlfephresy king of upper Egypt, 
Mifphragntutbofts reigned * over ' all Egy pt j 

and drove out the fliepherds, 
Ogyges^ his flood, 'Eli governs Ifrael. 
Sampfon kills higifelf, with 3000 Philiftines, 
The Philiftines conquer Ifraely and take 

the ark, — . • 

Safhuel ]\xdgts Ifrael, — 

Athens governed by A rchons, — 

J)ucalim king of Thefldly. ' — 
Atmofis or Ttthmofis the 2d king of all Egypt, 
Saul king of Ifrael^ 
Saul defeated by the thiliftines, kills him- 

fclf, , -* — — 

Sparta built. ' — • *~ — ^ 

I)avia 



1712 

1695 
1641 

'^577 
'J 573 



1496 

1458 

^A57 
1433 

1271 



1239 
1125 

1120 

« 

1116 

HOC- 

1094 

ro86 

r 

IQ7O 
1070 

1060 

io6q' 



RX)N QL OG y. 



^r 



jD/^v/J 'made king, . .^^ -»- . 

i)avid 'conqntrs the Edomiies, who fly into 
Egypt, ,— „ 

Hieram king of 53^^^ furniihes David with 
timber, 

^yre, Aradus built. 

"Cadmus and Europa. 

Acrifius marries Eyridice,^ — - 

. The Phoenicians that -fled from David, car- 
ry their arts andfciences into Greece, &c. 

. and begin to fail on the Mediterranean, ^ 

Ducalion'% flood drowned TheflTaly. 
^Antmon reigns in Egypt, has fleets of Hups 
in the Red Sea and Mediterranean, . — 

The Egyptians begun to obferve the fl:ars. 

The lunifolar year altered, and mai^e to con^ 
fill of ^65 day^. 
'Ceres teaches the Greek* lofowciorn, 

Perfeus. 

Solomon reigns, and marries the daughter of 
Ammon, king of Egypt, . * — 

Solomon^ s temple founded, — 

Minos reigns in Crete. His father Afterius 
(Saturn j flies into -Italy, 

Sefacy the fon of Ammon, invades Arabia 
Felix, and fets up pillars by the Red Sca^ 

Solomon*s ^temple finiftied, — 

Sefac reigns in Egypt, — • * — 

Dadalus invents the faw, wimble, &c. and 
gives a beginning to thefe arts in Eu- 
rope, — 

Syfipbus reigns in Corinth, 

Solomon d ies; . -— 

Reboboam reigns in Ifrael. Ifrael divided, 

and ten tribes re voU% 

■ ^ 

Scfac^ 
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Sefac rifles the temple at Jerufalem, and the 
king's palace. Invades Syria atid Perfia, 
Jeroboam fubjeft to him, — ^ 

Bacchus and Ariadne. 

S$fac invades India, fets up pillars on the 
Ganges, ■' < — 

Tbefeus reigns at Athens, overcomes the 
Minotaur, — — 

Licurgus. 

Sefac conquers Thrace, kills king Licurgus, 
he had Ethiopians^in his army command 
ed by Pan ; and Lybian women com- 
manded by Minerva, — 

Sefac baffled by the Greeks and Scithians, 

Minos flain by the king of Sicily^ 

Hercules born. 

Helle drowned in the Hellefpont,. 

Ahijam reigns in Judea. 

Sefac flain by his brother Japetus or Nep- 
tune, *— 

Afa king of Judah reigns* 

Orus reigns in Egypt and routs the Lybians, 

Tht Ethiopians invade Egypt, and drown 
Orus in the Nile, — — 

Menes^ or Amenophisy reigns in Ethiopia, 

The fhip Argo built by the Greeks, 

Chiron makes the cotiflellations. 

Thefeusy king of Athens, ftole Helena, 

Hippocrates. 

The Argonaut ic expedition to Colchis^ 

Ahaby king of Ifrael, reigns, 

Parisy king Priam's fon of Troy, fl:oIe He- 
lena, — — -^ 

Jehojhaphat king of Judah reigns. 

Obadiah^ Elias. 

^roy befieged by the Grecians, — 

^roy 
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Itroy taken, — - — .- 

Dido builds Carthage. Ptgmalion reigns at 

Tyre, — — _ 

JEneas alive. 

Hejiod^ HomeTj — • — 

Maris reigns in Egypt, — — 

Jonah. ' ' 

The Heraclides return into Peloponnefus, 
Cephren reigns in Egypt, and built another 

great pyraniid, — -^ 

Hofea^ Amos^ Jfaiabj Joel. 
Pul founds the Affyrian empire, 
Afycbis reigns in Egypt; which breaks into 

feveral kingdoms, — • •— 

Ipitus reftores the Olympiads. And from 

this aera, the Olympiads are reckoned, 
Semiramis flouriflies, — -— 

SancboniaiboHy Micab. 

Puly king of Aflyria, dies, — — 

Tiglapilefar fucceeds Pul, and reigns at 

Nineve. 
Nabonajfar reigns at Babylon, — 

The Egyptians carry their Aftronomy tO' 

Babylon, and found the aera of Nabo- 

naifar. 
Ahaz reigns in Judea. 
Damafcus taken by Tiglapilefar, king of 

Aliynia, — — 

Hezekiah reigns in Judea. 
Salmanajfar fucceeds Tiglapilefar, -— 

Habakkuk. 
Salmanajfar takes Sapi^ria, and carries the 

ten tribes captive to Nineve, - — - 

Sennacherib reigns over Affyria, — • 
Syracuje built by Archias. 
^abum^ Tobiah^ or Tpbif. 

Sennacherib 
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^ CHRONOLOGY. 

Sennat her ilf (i^in. The Medcs revolt from 
the AffyrianR, — — 

Confucim the Chinefe philofophcr. 
Ajferbaddon reigns in Aflyria, he built Tar- 
fus and Ancliale in one day, — *— 
Lycurgusy ' -^— 

'The Corinthians begin to build (hips with 
three orders of oars, •— — 

^irbakab reigns in Egyp^t, — 

jWirhaddon invades Barbylon, -— --i 
The yews conquered by Aflerhaddon, their 
4ciog Manaffeh carried ^foner to Babylon, 
^jljferbaddtm invades Egypt, and fubdues it, 
tjfferhaddvn dies, — -— 

Amafis drfeats Apres,and reigns in Egypt. 
' Saofduchinus king of Affyria reigns, — 
Nebuchadnezzar defeats Arphaxad, the 
Mede, — — 

M^najfth returns from captivity. 
Judith Gut off the head of Holofernes, 
Nebuchadnezzar's general, — — 
The oldeft-fea fight between the Corinthians 
and Corey retos ; in which the Corcyreans 
are worfted, — — 

Pfammiticus^ by conquering the other eleven 

kings, becomes king of ^11 Egypt* 
The firft Mefienian war, •— — 

^ Char ops the firft decennial archon at Athens, 
Saofduchinus dies. 

Cbyniladorn reigns in Aflyria, •— — 
Jqfiah reigns in Judea, — •— 

Phra&rtes^ king of thfe Medes, killed in the 
Aflyrian wars, ' *— -^ 

^j^tf^^j king- of the Medes, -— — 
Jeremiah^ Zephaniah. 

Cyrene built by Battusjf — • . . — 

R^me 
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643 
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CHRONOLOGY. 

Jtame bjuilt by Romulus, (by tbc common 
1 account 752), — — — 

JS^aiopafaJfar . revolts from the king of 

Affyria, and reigps over Babylon, --• 
Pfanmisicuf conquered by Cambifes king of 
: Perfia, — — .^ 

Tarsntum built by Phalantus, r— -^ 

Pfamtniticus dies, — — -r- 

JSfccbaoby or Pharaoh Necco^ reigns in Egyptf, 

Cyaxeres reigns over the Medes, -*— 

Jqfiab^ king of Ifrael, ilaia by Nechaoh, 

Solon: 

Nebuchadmzzar reigns at Babylonj^ 

NehuchaUntzzar defeats Neco. 

Nineve deftroyed, and the Aflyrian empire, 

Daniel. 

The fecond Meflenian war, 

Nebuchadnezzar invades Syria and Judea, 

under NebopolaiTar his father, — — 
Nebuchadnezzar king of Babylon, ^ -— 
The kingdom of Macedon founded by 

Carannas and Perdiccas, — — 

Zedekiab reigns in Judea. 
Shales Milefius. 

Cyaxeres makes war againft the Lydmns, 
Judith. 

^rpbaxad reigns over the Medes, •— 
Nebuchadnezzar burnt the temple of So- 

Jomon, and carried the Jews captive to 

Babylon, — — -^ — ^ 

Mejfana built, — — , .— 

The A£yrians beaten by the Medes, under 

Aftyages, — » -^^^i — * 

A total eclipfe of the fun, predi6ted by 

Tbali^ put an end, to the war between 

the 
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the Medes and Libians» May 28th» 

Barucb. 

Nebuchadnezzar invades Egypt, and con- 
quers it, — .^ --^ 

Darius the Mede reigns, 

Hagaiy Zechariah. 

Solon^ archon of the Athenians, makes laws 

• for thenri, — — ^ 
Cyrus firft king of Perfia, — ^ 
rfabonadius king of Babylon, — -^ 
Negropolajfar defeated by Cyrus, — 
Crafus king of Lydia conquered by Cyrus 

king of Perfia. So ended the kingdom 

of the Lydians, — — 

Cyrus takes Sardes, -^ -^ 

Cyrus takes Babylon, — 

Bel/hazzar^ the laft king of the Babylonians. 
Cyrus overcomes Darius the Mede, and tran- 

flates the empire to the Perfians, — 

The Jews return from captivity. 
Cyrus dies, •— ■ - 

CamhifeSy king of Perfia^ took Memphis, 

Subdued the Ethiopians, — 

*I>ariu$y the fon of Hyftafpes, reigns in 

Perfia, ' — - — 

The Magi are flain. 
Zoroajler^ Efther^ Pindar^ Anacreon. 
The fecond temple built at Jerufalem zt the 

commind of Darius., — -^ 

Tarquin the laft king of the Romans ex- 

• pelled, and confuls eleded, — • 
Anaxagoras. 

The Athenians beat the Perfians at Mara- 
thon, • — 
Xerxes reigns (called alfo Ahafuerus) 
Xehes defeated by the Greeksj, — 
' Xerxes 



ye. bef. 
Chrifl. 

"58F 



566 



562 
560 

555 
55 i 



550 

544 
5^8 



536 

529 
524 

5^3 

521 



520 
508 



485 

485 

484 



I 



C H R O K O LOG f. 



Xerxes pafles over the Hellefpont, fought 
Leonidas king of Sparta, who beat him, 
jithens burnt by Mardonius, Xerxes's ge- 
neral, •— — 
Artaxerxes iLongimanus rpigns, * — 
Efdras. 

Artaxerxes kills his brother, — 

Ezra returns into Judea, — — 

Nehemiah. 
Herodotus^ Meton. 

The Peloponnejian war begins, — 

Hippocrates^ Democritus; 
Darius Nothus reigns, — i — 

Tbucidides. 

The Jewijh hi (lory ends, — 

NiniaSj the Athenian admiral, frightened 

by feeing an eclipfe of the moon, 
Artaocerxes Mnemon reigns, — 

Ezra^ Socrates^ Plato^ Zenophoftj Pappus. 
The end of the Peloponnejian war, — 

Philips king of Macedon, reigns, 
Malachiy Nehemiah^ EudoxuSy Arijiotle. 
Artaxerxes Orcbus reigns, — — 

Arogus r,eigns, — — 

Darius todomannus reigns in Pcrfia, 
Alexandria in Egypt built, — 

Alexander the Great conquers the Perfiahs, 
and tranflates the empire to the Greeks, 
Darius Codomannus^ the laft king of Perfia, 
flain, — — 

Alexander the Great died at Babylon, 
Plolomy Sofery 
Eratoftenesy Epicurus. 
Antigonus routed by the Syrians, * — 
A^at hocks king of Sicily, , — 
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Ad eiflipfe of the fua happened Aug. 15^ 
vfhen ji^atbodes was croffirig ;he fea againft 
tke Carthaginians, — - — 

Euclidy Manetbo^ Berofus. 
Ptdomeus Pbilodelphus reigns in Egypt, 

Jrattis. 
The Arundelian marbles compofed, — 

Firft Punic or Cartbaginian war, — 

^intus Fahius PiSor^ the oldeft Latin hif- 

torian, — — 

The Cbinefe wall built, ~ — 

The fecond Punic war, — ' — 

Hannibaly the Carthaginian, defeats the Ror 

mans at Pavia, — — 

Hannibal defeats the Romany at Canno, 
Arcbimedes. 

Syracufe taken by Marcellus, — 

Antiacbtis Epipbanes began to reign in Syria, 
^ntiocbus plunders the temple at Jerufalem, 

and murders the Maccabees, — -*- 
Jtilacedon becomes a Roman province. A 

lunar eclipfe, — - — — 

Judas Maccabeus routsAntiochus, — 

^erencCy HipparcbuSy Hippocrates* 
The third Punic war, — — 

Carthage and Corinth burnt by the Romans, 
The hiftory of the Maccabees ends, ■— 

LuciliuSy Galen^ Polibius. 
Civil wars at Rome between Pompey and 

Csefar, — — -i— 

Jerujakm taken by Pompey, — — 
Catalineh confpiracy, Cicero^ VarrOy — 
The Triumvirate of Pbmpey. Rome enflaved, 
Cicfar conquen the Gauls, *— — 

<— — invades Britain, — •— 
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Poinp^ (Tain by Caefai*, in Pharfalia, 

Alteration of the year by Julius C^Jary 
where he correfts the calendar, r^ 

Julius Cafar burns the famous library at 
Alexandria, containing 700,006 yolumes, 

/ ' ■ ^^ liilled in the Senate houfe hy Brutus 
atid CqffiuSy 

fierod made king of Judea^ . 

)JBfkius^2Lnd7!aJius being defeated kill them- 

. felv^s. • 

Diodorus Sicutus. 

The triumvirate of Mark Anthony ^ Lepidm 
^and AuguJluSy — ' -^ 

^erufatem taken by Herod, '^ — — 

/intbory lofes the battle of A(SUuni, — 

Cleopatira dies, and Egyyt becomes a Ro- 
man province, — . , .— ,.:^ 

VirgHy ftorace^ Ovid^ Lucretius^ Liv^^ Dio- 

' "nyjlul^y Cornelios Nepos. . , — 

Attgu/ius Emperor, and Ible itiafttr of the 

wdrld,' — — . 

efus Cbrifi born, — '~ — 

^erod flnurders the innocent children. 
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The vulgar sera of Chrift begins, 

Trogus Pompeius^ 

Augujiiif dies ; Tiberius fucccie^s, 
'^efus ChriJ} crucified, — 

^aius Cfiligula Emperor, 
Pbilo, Seneca. 
Claudius Emperor, 
JV^* Emperor, — •; - 

Sets Rome on fire for fport, — 
6ai^a Emperor, : ^ ^ ^ 

F Fitel 
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Vitellius Emperor, — -^ 

Flavus Vefpqfian Efnperot, — »--. 

^ — He fent his fon 'Titus into Judca, who 
dcftroyed Jcrufalcm* Since th^ti the 
Jews are difperled all over, the world. 

Jofepbusj Pitn^^ ^intu Curtfus 

uifus Vefpafian Emperor, 

Domitian Emperor, -^ 

Cornelius Tacitus. 

Cocceius Nerva JEmperor, 

Suetonius Tranquillus^ Ptokft^. 

The temple of Pantbem in Rome beaten 
down with thunder, — — 

'Adrian Empetor, *— — 

Plutarch. 

Arrian. 

The Pias wall built, .— 

Appian^ Dion Caffius. 

Antonipus Pius Emperor, — 

Dtoienes LaertiuSj Juftin. 

M. A. Antoninus Emperor, ^^ 

Commodus Emperor, * — — 

Sep\ Sever us Emperor, i?— — 

Pbilojlratus. 

A. Bafi^ianus Caracalla Emperor, 

Op. Macrinus Emperor, 

Lucius Fkrus* 

Herodian^ — -*— 

Dioclefian Emperor, , .^ ^ «^ 

Conftantint the Great Emperor, *— 

Eufehius. 

The council of Nice held, . 

Conftanttnople rebuilt, « 

Julian Emperor, •*- 

Si. Jerome^ Rujinus* 

VaUntinian and Valens Emperors, 
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ukeBdofius Emperor,. 

ZozimuSy Si. Aujiin. 

Hottorius Emperor of Rome^ 

Rome taken by the Goths, ««-• 

The monarchy of France founded, 

Venice built, — - '•-^ 

Vakminian III. Emperor, — 

fTbeodoret. 

Ji^uJluluSj %\it lad Emperor of RQme» 

Arthur king pf Britain, -^ — 

Juftinian'ETtvptroT^ — — 

'The Chriflian asra begun to reckon by. 

The feat of the empire removed to Ccnftan- 

tinople^ — ' ■ 

Procopius. 

Tiberius U. Emperor, -^ -^ 

\Mabomefs flight to Medina, ^^ 

Damafcus and Jen{falem taken by the Saraceos, 
Conjiantius Emperor, — ^ --^ 

Ven. Bede. 

Juffinian IL Emperor, but expelled after^ 
Tbeodofius III. Emperor, . — — - 

The Spaniards defeat the Moors at Tours^ 
Pepin king of France. 
CbarUs the great, king of France, 
Alpbonfus king of Spam, who freed it from 

the tribute of i oo virgins, -^ 

Cbarkmaign Emperor of Rome^ — 
Egbert firft fole monarch of England, 
Etbehoolf king of England, — 

A^red^ king of England, founds the uni- 

verfity of Oxford, ~ -— 

^hc Normans fettle in Normandy, — 

Eudo king of France drives out the Norman$, 
lacvfis IV. Emperor, the pope fcts up another, 

F 2 Aleoi- 
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jfiexander, Eftipcror of the Eaft, 
Atbelfton king of England, 
Osbo the great. Emperor of the Weft, 
% Zimifca^ Emperor of the Eaft, 
Otbc 117 Emperor of the WelL^ 
Edward Cthe martyr) king of fcnrfan^, 
The ifanes invade Erfgland and are beaten, 
\ Henry (duke of Saxony) chofen Emperor, 
Edmund Cironfide) king of England, 
Guido Aretinus. invents the notes of mufic, 
fferald the Dane, king of England, 
Edward (the CohTcflbr) king of England,* 
Rarroid ufurps the. crown of England, 
Williatn the conqueror king of England, 
The Turks conquer Perfia, take"^ Jerufa- 
lem^ &c. — — — 

The holy war againft the Turks, — 

yerufalem regained "from the Turk^j 
limy V. Emperor of Germany, 
y, Comnenus^ Emperor of Greece, — 

£. ComnenuSi Emperor at Conftantinople^ 
Henry II. king, of England, — -. • — 
Saladine^ fuhan of the Turks, -r 
liohdon bridge built of ftone, ^ -^ — 
Jerufakm retaken by the Turks, 
Richard I. king of England, , — 
Henry VI • Emperor of Germany, -*-^ . 
fiaronius. 

Jobn^ king of England, and granted Magna 
Charta, . — ' ' /- — — 

J%«ry III, king of England, ~ — 
The Inquififion firft "erefted againft the 
4fiagenf0s, . ^ -r- — 

prederic^ Emperor of Germany, recovers 

Jerufalem^ — ' -— 

'ffmry III/ cpnfirms Magna Charta, — 

Richard 
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Rfjchatd (brother ^o ki&g Hepry) Eojperor, 
Th^ Barms take kijig Henry prifoner, for 
' ' breakiDg Magma Charta, «?— 
'^deokgus regains GoAft^qtkippte, 

mstmi the founder of the pit$:nt Turkifli 
; Enipire, . . r^ ' -r- 

Tl>e> MqHm^s compafs fo^nd out, 
•The dppi>fqrp ^f the R<w^ifji fupcrftition 
I Ijurnt at Jufiria^ •^' ^ 

|iB^¥J,«r</ III. kipg of Epgla»4 fc«at the 

^fertch, and took the I^Ff nch king pri- 
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^, Pjslfclogus UL Emperor lit. CftilfteStiiioplc, 
punpcfw^er ijwfni:^ ilj GirmaPfft 
pk^ie^ lY, CK. Bohenaia) Emperor of Ger- 

fThe ^Ti^f ^^ take Adrianople, — 
Richaxi II. kiiig:€f ^agW^ - — . 
^dmerhmi^ the T^rfar reign^ . —* — 
B^0tet the Turk reigns, — • ^ — 

' ^4fmerJam defeats Bajazet^ coriqilersj^bylon, 

JBerfia, fM^^'i Indian -rr 

, jThe g^eat Mogul defccnded from him. 
' ^iVii^r^ II. depofed, ■ ^-^r" 
fitmy IV. king of Engl^, t:he firftof the 

line of Lancafter, tr^ 

Ciyil wars in Gacmany^ -— 

bigifmsi^d (king of Hungary) Emperor, 

Henry V. kjng^ Ef^lancJ, ^ — 

•—Beats the French at the battle of A- 

gincourt, \-^ - — 

Henry yi. kmg of England, — 

J. Huniades, Emperor of Cortftantinople, 

The Art of Printing iny^oflpd^ . -*• 

J^fyboniet 11. fultan of the Turks, takes Cop- 

.ftanclnopic, . . -.. • ^ui • ~ 

• . . The 
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i3«7 
'344 
^347 

'399 

1399 

J404 \ 

{410 
«4i3 

14*5 
1422 

1442 
(449 

«453 
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The Turks conquer Peloponnefus or M»ru^ 
Henry VL dcpofed, and Edward IV. made 

king, ^ _ ^ 

Edward V. king of England, — 

Richard III. king of England, — 

Henry VII. king of England, — 

C Columbus (a Genocfe) difcovered America, 
Americus Veffqfius difcovers South America, 
Henry VIII. king oi England, — 
M. LufJber begins the Reformation, 
Boetiuss ErajmuSj Ccpemicus. 
Sofyman Emperor of the Turks, -r- 
Belgrade taken by the Turks, — — 
The Strcights or Magellan difcovered by F. 

Magellan^ — — 

The Council of Trent^ — — • 

Edward VI. king of England, — . 
Mary^ queen of England, rcftores Popery, 
Elifabeth^ queen of England, reftores the 

Reformation, -— *— 

Charles IX. king of France, — 

The Maffacreof the Proteftants at P^w, 
Mercater. 

The Venetians defeat the Turks at fea, 
Henry III, king of France, — 

Rodulphu)s II. Emperor, ^- — 

The holy League in France^ — — 
Holland revolts from Spain, — 

Sir Francis Drake fails round the Globe, 
Tycho Brahcy Scaliger. 
pope Grf^^ XIII. correfts the Calendar, 
Mary queen of Scots beheaded, — 
The Spanijb 4^mado dcftroycd by the EngHfti 
Henry III. of France, ftabbed by Clement, 

a .friar mm^^^^ , 

^bilff III. king of Spain, ^ r- 

Fieta 



ye. Sift. 
Chrift. 



45^ 

460 

+83,' 
483 

485. 

493 

497 

509.1 
517 

5«o 
521 

521 

540 

553 



55^ 
560 

572 

572 
574 
576 
576 

579 
580 



582. 

587 
588 



589 
598 
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Vieta. 

Jams I. kins of England, — 

Gunpowder Plot, — 

Ibmy IV. of France ftabb'd by Ravillac, 

Jjws XIII. king of France, ^ 

*Gu/iavMs Adolpbus^ king of Sweden, 

The New River brought to London, 

Frederic II. Emperor, — • 

t)es Cartes. 

Philip IV. king of Spain, — » 

Charles I. king of England, *-* 

G. Adolpbus^Hzin in battle, 

Ferdinand III. Emperor, 

Portugal revolts from Spain, 

Lewis XIV. king of France, 

King Charles I. beheaded, 

Oliver Cromwell died. 

King Charles II. reftored. 

The great Plasue at London^ 

London burnt down, — 

Ricciolus. 

Peace concluded with the Dutcbj 

St. Paufs church begun to rebuild, — • 

The Czar of Mufco^ dies, and hi$ fons 

rule jointly, — — 

The Emperor at war with the Turks^ 
The Tur%s defeated before Vienna, 
The great Froft, 
King Charles II. died, and is fucceeded by 

James II. — •— , 

James II. depofed, — — *— 
IVilliam and Mary king and queen qf 

England, — , — -^ 

The battle of Boyne in Ireland, — 

An Earthquake in England, 
C^uccn Mary died, •— — ' •— 

Queen 



ye. aft. 
Chrift. 



603 

605 
610 
610 
611 
614 
619 

621 

625 
632 

640 

643 
649 

658 
660 I 

674 
675 

682 
682 
683 

684 

685 
688 



689, 
690 
692. 
694 



ts 
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Queen Anne came in» 

Battle of Blenheim^ ^— 

Battle of Ramalies^ 

Ef^iand and Scotland united, 

S^: Paul's church fini&ed, 

^ueen Anne di^d, *- 

George I. king, -^ — — 

A total eclipfe of the fun at London, 

April 2 2d, — — 

Rebellion at Prefttmj — • *-^ 

The Aurora Borealis firft obferved. 
The Spanifo fleet deftroycd near Sicily, 
Sir L Newton died, — ♦ -^ 

George II. king, — — -— i 
A great Frofl: 1739, and — . -^ 

jBftttle of Beningen; -^ — ^ 

A bright Cbmet, in the Ipring, — 

JRcbellion at Cullodenj •— ^— . 

Correftion of the Calendar in England^ 
jpeorge III. king. 



peace with France and Spain, .' 
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1702 
£704 
1706' 
1707 ' 

* t^oS- 

'715 
tyiS 

1718 

1727 
1727 

1740 

»743- 

i744 
1746 

1752 
1760 
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P R E F A C E 



J •Believe there never was a courfe of the Maib^ma- 
ticks frintedy but what included the pra&ical parts 
thereof J andfuch things as are of coT^ant akd daily 
ufe aimng.mankind. Therefore^ lefi ours Smtld ap^ 
pear defediive in this pointy we. Jball comply 'With this> 
cufigmx ifnd to oblige the lower, fort of readers (for 
every one is • not dejiined to Jludy the fublime parts of 
the Maihematicks) I have timpafed tbe^fiHowing 
^reatife. , ". 

. In the firfifart I have put together tt ftiat nutn^ 
her of rules for the reckoning up of fitch things ^as com-- 
monly ofciir in trade and bt^efs ; wherein I bhve^n-^ 
deavoured to fuit the cap^ities of the hwe^ cl^s of 
tradefmen and artificers^ .'by iaying down fucb fhott^ 
fufeSy for computing the mali(ts of things^ as may , 
with eafe be retained in, the nrnnory^ are^readily akd^ 
eafily wroughty or rather performed in^ the mnd^ 
which a^e to be uied as duq/ion offers. y and therefore 
muji be very fervtceable t^fuoh as never bad anopp^^ 
tunity of learning JrithmoSse. And even tofuch poa^ 
pie as underftand numbers^ tbefe rules will fave them 
fo much trmHe and time* . \For men cannot always al- 
low time to fit down and compute every trifling matter^ 
which may be done at once by this way of r^ianing* 
For few of thefe rules need the ufe of Arithmetic ; and 
thofe that do require but an eafy calculation. But 
where there is any danger of making mifkakesy it is 
proper y^ for fhofe that underftand it y to ufe a little 
Arithme(iCx And that no doubt or o^curity may ap- 

A 2 pear 
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fear in ibefe rules^ I have given examples thereof^ in 
the common cafes of trade ^ fo that the meaneft reader 
cannot be at a lofs for underftanding them. And hi* 
fore this part^ the common definitions ate prefixt, af/b 
an account of weights and fneafures^ tables of fpe^ 
cific gravity^ the practice of workmen in meafuring 
their work, andfucb other things as are ufefulind 
^reatife of this kind. 

In the (econd part are delivered fucb common pro^ 
Hems J as arerequijite in the art of Meafwring^ bein^, 
fucb as arc introduSory to what is to follow. Here 
we treat of the meafuring of lines •, and bow^ by 
having one line in a figure given ^ to find another. Ta 
this part is prefixt the defcription and ufe of the 
fading rulcj an inftrument of gnat dtfpatcb in the art 
of meafuring. 

^be third part teaches bow to meafure the areas of 
plane figures^ and the furfaces of folids, and this 
toih arithmetically with the pen^ and inflrumentaUy 
with the fliding rule. In this part it is alfo fbewn^ 
bow thife fixt numbers are founds which are made 
ufe of in the different methods of finding the area of 
the circle^ by tiefHiUng rule. 

In p^rj the .fourth^ we have the menfuration of 

fbUds^ efpeciaify she mft common *, and particularly 

the meajkring of timber i and this both by Jritbmetic 

with the pen, and alfo by the fltdittgfule, when ndt 

too troublefme. In this p4rt it is alfo fiewn bow 

all the fixt numbers are found, which are made ufe ^f 

en thefUding rule, for meafuring cylinders andfpberes. 

^hC' fifth rand M part is gauging, contained in a 

iiarrow compafs. Here it is fhewn how to find the 

areas, of phin figures, and the contents of foUds, de* 

. cording to the common method of gauging ; that is in 

ale or wine gallons, infisad of inches or feet. How 

to inch afty ittn^y and a general rule for gauging all 

ifijks \ T^and k^w to find the ullage*, alfo bow to gaitge 

pialt. To ibis fart is prefixt a fhort account ei the 

iidin z 
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rfJi f^d^ed to ibis hufinefi\ an infirUment 
wbii^bvery mtftb Jhnri^ns all calculations in gauging. 
And in ibis f>art isfln^n likewife^ bow iQfina tb$ 
]fi/f numbers and g(^i p^nts^ made nfe $f on the 
rnUy and bow t^ \$iork wiib tbem. In idl tbife ar^ 
(icJes are given. proper examples^ to make the rules 
plain^ wbicb are wrougbt in tbejbortefi metbod^ both 
iy tbe peUj 4nd e^lfi witb tbeJUding rule^ wben it can 
conveniently be done. 

. / bave given no demonjirations bere^ of a»;f of tbife 
rules ; for tbeprallical Mechanic does not wanttbem^, 
find a mathematical reader may have them elfewbere^ 
as in tbe Geometry^ Conic Se£fionSj jSgeha^ &c. 

There is noftate of life which does not require tbe 
u/e of fome fori of meafures^ either in length or ca-^ 
(acity^ dry or liquid ; on thefe mofi trades depend^ whe-^ 
/her it be tbofe that procure food for us^ or thofe that 
furn^ ut ctoatbjng. Menfuration is tbe ground of 
all arts J and of all things depending on trade^ with* 
.put which they could not fuiji/i. 

In meafuring and gauging^ the prattitioner muft 
underhand common Arithmetic^ without which theft 
xules cannot be put in pra£lice\ and alfo decimals^ as 
.allfgrts of computations are eajiefi made thereby ; and 
particularly contraSions in multiplication and divijon^ 
-which often fave long calculations. Tho* infuch cafes^ 
I would advife fo make ufe of logarithms^ which if$ 
Mq/i cafes will befiorter.- 

As geometrical rules are made ufe of for fucb purpofes 
MS rewire calculations to be made to the utmofi ex-' 
4^n^s \ fo the Jhprt rules in this Treatife, are moft 
jof them only approximations^ being Contrived to 
.compute^ or meafure things for common ufe with ex- 
p^tion^ and which require not that degree of exaS-^ 
nefs* They are adapted for prefent extemporary bu* 
Huifiy and for fucb things as require to be done off 

hand^ 

» •« 
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When at^ plane figure orfoUd body is propofidt0 
ie meafuredj we have no rule to determine it to be 
M7 particular geometricat figure or/olid^ but by guefs. 
And therefore it is t^ be looked on as a niecbanical fi-^- ' 
gure or f olid -, and muft be meafured by fomejhort me- 
chanical rule J fiicb as fuits itj and its (bortnefs will 
make amends for other defeSs. For by fuch a rule 
the content may be found as truly ^ as the dimenftons 
tan be taken, and that isfufficient. And all fuch 
rules muft be efteemed good rules -, when they come 
very near, at a medium ; as if in one cafe they give 
a fmall matter too much,, and in another cafe a fmatt 
matter fhort of the truth, we may admit them as true 
rules \ fince the figure we meafure may not have that 
geometrical exaknefs that we fuppofe ; and it is mere 
chance if it has. 

W. Emerfon. 
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Marks and Abbreviations. 

+ to be added. 

— to be fubftrafted. 

X to be multiplied by; 

^ to be divided by. 

^ the fquare root of. 

d^ the Iquare of a. 

a^ the cube of a, &c, 

zz is equal to. 

a : b : : c : d, as a to b, (o is r to d. 

AG, ale gallons* 

WG, wine gallons* 

MB, n>alt bulhels, 

GP, g?uge point. 
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Calculation, Libration, &g. 

D E F i N J T,I O N S/ 

t. COMPUTATION or Numbering is the 

Art of Reckoning -, which is fomctimcs per- , 
formed barely by the memory; but generally by 
the help of thefe figures, o, i, 2, 3, 4, 5, 6, 

2, Liiration is the Art of Weighing any fort of 
jbodie^. This is performed by fome proper inftru- 

* ment, as a pair of fcales, a fteelyard, &c. and by 
the help of certain fixt weights, agreed on to be 
the ftandard, S(^ Wieighiog all other things by. 

^. MenfurattQn is a mechanical art, teaching 
how to find the content of any furface, pr folid 
body, from the dimenfions thereof, taken by ac- 
tually meafuring them. The content of any fur- 
face is commonly called the Area of it, 

/^. A Line is the length or diftance between any 
two points ; and this length is eftimated by the 
number it contains, of fome known meafure, as 
yards, feet, inches, &c. 

5. A Superficies is t\\^t which hath length and , 
breadth, and its quantity is ipeafured by the num- 
ber of fquares it contains, whofe fides are lineai 
units, of that meafure it is meafured by. 
^ 6. A Solid is that which hath three dimenfions, 
length, breadth, and thicknefs, And its content 
is eftimated by the number of cubes it contains, 

* whofe fides are linear units of that fort of meafure 
it is mealured by. 

7. A right Angle is that made by one line DC j^, 
»"jlandiog upright upon another B A, fo that CD 

A 4 lean 
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3 DEFINITIONS- 

Fig* lean no more to one fide than to anothers thus CDA 
is a right angle, and alfo CDB. If CD is not up- 
right, it is an obtique angle ; an acuie angle is kls^ 
and ^nobfufe oqe greater, than a. right angle, 

I. 8; Parallel lines are ttiofe that are every what 
cquidillant, as AB and CD. 

14. 9. A Perpendicular^ is a line which ftands at right 

X5« angles upon' a line or a plane, and inclines to no 
fide. This is the nearefl diftance from any point 
to a line or a plane, as CD. 

^4* 10. A Triangle is a fieure contsuned under three 

^5* tight lines. If one angle be right> it b a rigbt an* 
gled triangle. 

1 6. II. A Square is a figure contained by 4 equal 
flreight lines and 4 right angles, as ABCD. 

^7* 12. A Parallelogram is a figure contained by 

1 B- four right lines, fo that the oppofite be equal and 
parallel. 

18. 13. A Trapezoid is a four fided figure, whereof 
ibme two oppofite ones are parallel, as ABCD. 

^9* t4» *A Trapezium is any figure included by four 
lines, as ABCD. A line drawn thro* the oppofite 
angles Is called a Diagonal^ as AC. 

m, 15- A Polygon is a ngure confifting of any num* 

32, ber of fides. If all the fides and angles are equals 
it is a regular Polygon ; if it have three fides, it is 
called an equilateral Triangle ; if four, a Square \ if 
five, a Pentas;on \ if fix, a Hex^on^ &c. ♦ 

23- i6. A Circle IS a figure bounded by the curve 
line ABCD, called the Circumference, in which all 
lines drawn from the Center C to the circumference 
are equal. Any line AD pafling. thro' the center 
C is called a Diameter j and any line CD, drawn 
from the center C to the circumference, is called 
the Radius. Any right line drawn through it it 
called a Chord. 
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f.'iyi ACuhh a fdlid contained under 6 equal Fig« 
fquates ftanding at right angles to one another i 2^* 
JaiBt a die, 

1 8. A Parallekpifedon is a folid contained under 40% 
#' planes^ whereof every two oppoQte ones are pa- 
-ralleL 

• 19. A Prifm is a folid whofe two ends are equal 4^« 
and like, and parallel to one another. 42* 

20. A CjRnaer is a folid whofe ends are two e- 39<, 
. qual circles, parallel to one another. 

: ai. A Pyramid v& a folid whofe baie is any plane 44* 
, figure, and the fides all triangles meeting in a point 
called the Vertex, as D. 

%2. ^ Cpw is a folid ABC contained between a, 43. 
circular bafe, and a convex furface ending in a point 
A called the Vertex. 

%^. A PoUedron is a folid contained under feveral 
a planes, if all the planes be any regular pdigon, it 
jfi called a regular body^ of which there are but 
five. I. The Teiraedron^ has four faces equilateral 
tciangles. 2. The Cube has fix fquares. 3. The 
.OMaedtefiy 8 triangles. 4. The Dodecnedron^ 12 
pentagons, 5. The Icofaedron^ 20 triangles. 

2^. A Sphere ABCD, is a folid contained under 33^ 
one curve furface ; within which there is a point 
called the Center^ from which all lines drawn to the^ 
furface are equal^ and called the Radius. Any line 
pafflng thro' the center is a diameter. 

25. A Segment is any part of a figure or folid 
cut off by a line or a plane. 

26. A Brufium is the thick end of a fblld cut oflF 
by a plane parallel to the bale. 

27. Vaults are curved arches, that fpring from 
the oppofite fide walls ; and meet in a right line 
over the hiiddle of the building. If they meet in 
an angle, they are called Gothic, arches. The 
arches of a bridge are in this form« 

' 2^8. P^nfs 
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98. Dom^s or Cupola's anc arched 11QO& chat 
meet in a point at the topi thf bafe being a circle 
' or poligon. 

zg. J Saken is a flat robf or cieling. joined to 
the fide walls by arches, 

30, A Groin is when a vaulted roof is interfeo^ 
ted by fome other vaults. 

31.^ Meafure is a certain length made ufe of 
CO meafure another greater kngth by, in order to 
know how many of thefe the greater (:on(ains. 
When a kngth is to be meafured, it is meafured 
by a line, and is called lineal meafure. When a 
furface is to be meafured, it is done by the fquare 
of that line, and is called fuperficial meafure. If 
a folid is to be meafured, the meafure is the cube 
of that lineal meafure, and then it is called folid 
' meafure. Thus a foot in length meafures any other 
length ; ^ and a fquare foot, any furface \ and a 
cube foot any folid \ and (hews how many fe^ t 
each contains. And the like for inches, yards, &c. 

In meafuring any furface or folid, all the dimen* 
fions muft be taken in one and the fame kind of 
meafure, except it be otherwife expreiled. 

A Table of Numbers. 
1 2 Units \ {a Dozen, 



12 Dozen 

20 Units 

5 Scoi-e 

6 Score 

10 Hundred 



make 



a Grofs, 

a Score, 

a (hort Hundred (£) 

a long Hundred (C) 

a Thoufand (U) 



ATahle 



I^'EASURSS. 



ti 



T*! 



ji Tabk of Moniy. 



, 4 Farthings 

' 4 Pence 

1 z Peace 
5 Shillings 
6,ShiL8d. 

lo Shillings 

13 ShilU 4d. 

90 ShiUings 

21 Shillings 



make 



J Talkie of f\ 



9 

60 Seconds 
60 Minutes 
24 Hoyrs 
7 D^ys 
4 Weeks 




make 



Penny (d) 
Groat, 
Shilling (8) 
Cfown, 
Noble, 
Angela 
Mark^ 
Pgiind (1) 

Guinea. 

Minute (0 

Hour, 

Day natural, 
.Week, . 
* Month, 

Year. 



G^e?ij foU by the Dszen are^ 

Buttons, candles, hats, ftockings, Uat, bottles, 
bruihes, China ware, pigeons, apricots, ^(fpeaches. 

Goods fold by the Grafs are^ 

Buttons, beads, tobacco-pipes, pombs, comb- 
cafes, playing cards, knives, thread) Hlk hair, 
tobacco- boxes, buckles, ink-horns, bodkins, pep- 
per-boxes, tinder-boxes, walh-balls, and fpeftacle^ 
cafes. 

Goods fold by the Scori dre\ 

Paper, walking-fticks, marbles. 

Goods fold by thefhort Hundred are^ 

Capers, thrums, ginger, cloves, indigo, pack- 
thread, quick-filvcr, cotton-wool, brals and tin- 
work^ 
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works feveral forts of (kins, hrafi and tin imple^ 
ments. . 

Goods fold hy the long Hundred an. 

Herrings lin^, cod, and all ftock-fifli, balk«t 
dap-boards, nails, fifh-hooks, pipe-ftaves, bow* 
ftaves, deals, fpur^, outlandilh ck)th, lamb-fldiify 
fevcral forts of outlandiih cloth, and e^s. 

doods fold by the Tboufand are^ 

Pafte-boards, tennis-balls, lemons, oranges, 
boards^ qudlls, teazles, tiles^ bricks, ucks, tenter- 
hooks, thimbles, pins and needles, billets, tan* 
thorn-horns, barrel^hoops, oz-hornSs fquinelt 
Ikins, fls^tes, &c. 

Standard gold is ix^"' fine^ and i^* alloy. 

St^dard ulver is i r' 2^"^ fine, and iS*^"^ alloy. 

A pennyweight of gold coin is worth 3 s* lodfy 
which is i^ear 2 d. a grain. 
, 44i Guiqeas make i pound Troy ; and i guinea, 
I29 grains. 

An ounce of filver with alloy is worth 5 (hillings. 

An ounce of gold is worth 3 1. 1 8 s. 
' tt Pence in copper is abouC 1 L Averdupoilc. 

A ^aile of Averdupeife weight. 

16 Drains . i Ounce (oz^ 

i€ Ounces ^ vi Pound fib) 

14 Pounds C niake ^i Stone (St^ 
/ 8 Stone C )i Hundred weight <C; 

20 Hundred 3 ^iTun. (T; 

8 lb make a ftone among the London butchers. 
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A Table cf troy might, 

20 Mites ^ ^ I grain, (§r) 

24 Grains y \ i Penny weight* (dw) 

g2 gr*. wheat v make < i Penny weight, 
20 Penny weightV /i Ounce, (oz) 

J 2 Ounces ^ ^i Pound, (lb) 

* 

The Apothecaries divide the Troy ounce thu$»' 
20 grains make a fcruple (3), 3 fcrupks a dram 
(3), 8 drams an ounce (J). 

By A verdupoife weight, is weighed mercery ware, 
aad groceries, and all thi^igs that can W3ft(^, 4^ ) 
pitch, tar, rofin, wax, tallow, flax, hemp, flefh, 
inittcr, cheefe, fait, candles, foap, ftarch, fpices» . 
coffee, tea, chocolate, filfc, brtad in the couhtry^^ * 
and fom^ttmes oil ^ alfo copper, tin, i^on, fteal^ ' 
lead, &c. ' 

By Troy weight i^ weighed gokf, filvcr, jewckt * 
amber, apothecaries drugs, bread, fiqubrs, preciotis ' 
ilones, 

Weights compared. 

' » ■ -^ . 

The Averdupoilc pound is 7000 grains^ {h^ X|Of 
pound 5760 grains. ; . 

The A verdupoife oiince is 43Jf4: ^ains, the 
Troy bounce 48b grains.. ^ 

The Troy pound is to .tfie Averdupoifc pound, a$ 

9 to II, or rather, as 14 to 17. ^ , 

The Averdupoife out\c^ is to the Troy ouncie, as 

10 to II, or more exactly, as 73 to 80. 

The London pound is to the Paris pound, as 
100 to 109, ; ,: .... - - 

The Troy ounce is to the Paris ounce, as 64 ta 

63. 

And the A verdypoife ounce is to the Parh ounce» 

as 63 to 6». 



l£^ 



W EI G H T S; A N D 



ji Takle of kf^ Mkdjuires. 



^ make <. i 



1 Inch, 
I Foot, 
I Ysrd^ 
I Pkc, 

Fathom, 
I Pole or Rod> 
1 Chain, 
I Furlong, 
I Mile, 
. X Degree on the eartk 



12 Lines 

^ Barley corns 
12 Inches . . 

3 Feet 

5 Feet 

2 Yards 

k Yards 
4 roles, lootinks 
40 Poles 

S^FurlongT :: 
6^. Miles 

*Alfb 1 6nger"or thumb is an inch ; 4 inches a 
hand ; 9 inches a ^an ; 2 ^ans a cubit ; 5 fpanj^ 
an ell J i ^ nails a yard ; 7' yards i rod in the north % 
a geographical mile 2030 yards -/the Engtijb^ French 
zm^.SwisdiJh fe^t are taone anotberj as i to 1.066, 
and 0.97 5 a toife is 6 French feet. 

ATabk of fquqre Meafures 
144 Inches N 

gq-J: Yard§ I 
ifeo Feet I 

16 Poles ^ 

40 ^otes 

10 Chains 
4 Roods 
640 Acres 



>» t * * 



I f'oot, 
t Y-ard, 

I Pote or Perch, 
I Square, 
make ^ i Chain, 
I Rood, 
I Acre, 
I Acre, 
I Mile. 



t* 



A Tahle of fplid Meafure. 

,728 inches 7 ^j^^ 
27 Feet. 3 



J i Foot, 
1 1 Yard. 



yfr^^iAf 
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WE A 3U'R £9^ 



make 



J TaMi iff ^d^ Mea/kre. 

26S.8 cub. Inchesy or 
4 Quarts, 
2 Qallohs 
4 Pecks, or 
2150.4 cub. Inches 
• 8 Bulhcls 
4 Quarters 
io Qtj^rtcrs 

Alio 2 pints make a quart ; 2 pottks i gaUon % 
2 bufbds. a ftrike *, 4 buifaeb* a comb ; z weys a 
laft. . . • ^ 

. Water meafore is tipbeflpi'd meafiire, (fr elfe al- 
. lows 5 ftriped pecks: ^a the buflieL 

BV this^ QxmiL coads, lalt, lime, are tneafured*' *: 



I Ojalhri 
I Peck, 

I Bulhel, 
I Quarter^ 
I Cauldron^ 
1 LsA. 



A Talkie of liquid Meafure^ 



>; 



4jatk$ 
2 Pints 
4 Pfaits 
231 cub. Inches I 



.;i i 



I 



tt 



282 cub. Inches ^ 'll^nL i i Gallon of ale or becr^ 



I Pint, ^ 
I Quarr, : ' 
I Galltth,^' '^ 
I Gallon <^ wine. 



^v 
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8t Gallons 
I FirlfiaSf or 

51 QaUprt$ 

63 Gallons 
4 Hogflieads J. 



1 



I Firkid or Anchor, 



» ■ 
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I Hog0i.. of. ale o^ beeft 
I Hogdie^drjK^ wifici. . 
I Turn 1 ^v; . 



Alfo 2 gills VMkt '4 pint ; 2 qui^rts, a pottle i 
18 gaUonSi a runlet; 42. gallons, aterce; sfterces^ 
a puncheon ; 2 firkins, a kilderkin ; 4 firkins, H 
barr^ ; 2 htfgflieads^ a pipe or biftt ' 



r • % 



iViM^ 8 gallons. oiM^e a lirktn of a^,rand 9 ^ 
beer, in London ; and the hog(head proportion«T 
bl(. AU0 4 gills m^ke a pint there, 

A P0tis piat cpatains 49 cubic inches, 

Meafum 
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WXIrGH TS AND 



Metfiam tmftrtd. 



% J 



1 ' 

Oil* honey, &c. are meafured by wine meafure^ 
and fometimes by weight Averd. Alfo brandy, 
foirits, mead,^ t^^^ cyder, viiiegar, verjutct^ 
iwcets, ipvun, &c. . : 

A Winche^er bulbel ou^t to be 8 inches deep, 
and xftf inchc$ diameter. 

A ftraked biilhel is to the fame unheap^ as 3 
to 4 ; therefbre thfe heap is f the buiheli olr, as 
fome fay, t thereof. 

The old wine gallon was 2^ cubic inches. . 

The old corn gallon 272 cubic inches. 
• The com gallon is to the ale galkm, asao to 21. 

A hogfhead of water (wine meafure) is about 84^ 
Iblid feet ; the fame by alq meafyre at 51 i^Uona 
per hogfhead. And wine meafure to ale meafure, 
as to II. 

A cubic foot is to the Winchester bu0iel« a^ 4 
to 5 ; or exa£Uy, as 45 to 56. 

The Englifh foot is to the Paris foot, as 107, t^ 
114. . •.. ".; ■ ^ * . .. - •: 

SCH.Ot I UM. I.' 



However thefe thi^^ mav hav^ varied ; yet it 19 
very probable that, ongbaliy, a hoglhead of wine 
tfnd ale wu the fame ih quantity ^ and a tiin ^ 
water juft atUn wei^t. ' ' ' 

Hence we nvay uippofe, th^ anciently 8 ct^ic 
feet of wat;^!? made juCi: (irlipfl^adt and 4 hogf- 
)iesMi$^a tun. And confequendy that a tun wei^*" 
td 2000 Ibu . 

Like wife that a hundred weight was thon buf 
100 lb ; for this multipfied by 20, makes 2000 lb. 
'^0 ^r a din; and wA incrmied afJeefwKi^ds by 
iterchandizingt upon actounrtof the wafte in-gpodsf. 

Alfo if a buftiel of good wheat weighs 6t\; 1b| 
then the quarter would be ^olb, and chechaulr 

dcr 
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cler 2000 lb. which is aifo a tx)n.. So that origU 
iially^ what was a tdti in meafure was alfo a ton in 
weight. A ton in weight has been die common 
.Ihmdard of all things, 

fFrigbt and Mkajuri^ compared. 

1 lb. Troy of water is 22 1^ inches folid. 
I ib. Avcrdupoifc of water is 27^ folid ipche$« 
1 inch 'of water weighs ,58 ounces Averdupoife* 
A cubic foot of water weighs 76 lb* Troy, ot 
6atlb. Averdupoife, which is 1000 ounces, apd 
contains 6^ ale galbns^ 

A wine gallon of water weighs 8.35 lb. Aver- 
dupoife* 

An ale gallon of water weighs 10.2 lb. Aver- 
dupoife. 

A ton of water weighs 1 8 J^ hundred weight* 
A cylinder of water, of d inches diameter, and 
a yard high, contains -^J^ ale gallons 1 andweighs^ 
i^\dd pounds Averdupoife. 

A Table of fpecifie CraviiieSj Jhtwing the 'weight of 
a cubic Inch^ of fever ai boatei^ in. ounces Aoerdu* 
foife. . 
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Fine gold . — 
Standard gold 
Quickfilver 
Lead — 
Fine filvef 
Standard filver 
Copper — 
Plate brafs - 
Caft brafs 
Stepl — 
Iron -^ 

Pewter -— 

Tin '— 



02. 
11.366 
10 930 

8«I02 

.6.554 
6.418 

6*096 

5.208 

4.832 

4630 

4*544 

4-4^3 

4.323 
4.236 



Caft iron - 
Marble — 
Common glafs 
Flint — 

Portland ftone 
Free ftone 
Common ftone 
Brick *-*— 
Alabaftcr 
lyory 
Horn 
W ater 



B 



oz. 

4.090 
1-569 

1-493 
1 490 

1^488 

1*465 

1.446 

• 1.084 
1.055 
1.055 

0.578 

« 

A Ttabli 
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A Table Jhewing the weight of a cubic foot of fcv> 
ral forts of Bodies^ Averdupoife weights 



lb, 

29 

41 
30 
50 



Wheat - --r 
Oats — 

White peafe 
Barley — 

Malt — 

Field beans 

^ Wheat meal tihfift- 
ed — — ^i 

-Rye meal vinfifted 28 
Bay fait — 54 
White fea fait 43 
Sand — . 85 
Ncwcaftle coal 67 
Pit coal C Wednef- 



cz. 

o 
8 
8j 



bury) 
Gravel 
Wood afhes 
Pump water 
Chalk 
AUum 
Clay — 
Honey 



63 

109 
58 

112 

107 
107 
90 



2 

A 
S 

o 

4 
1 

4 

12 
O 

5 

5\ 
8 

JO 

2 
o 



} 



X-ignUm vita: 
Butter — 
Pitch. •— 
Mahogany 
Box — . 

Milk,- 
Urine, and 
Stca water 
Rain water 
Red wine 
Bees wax 
Linieed oil 
Brandy 
Oak - 
Oil olive 
Beech 
Elm 1 
Afh I 
Cedar 
Fir 
Cork 
lolAir 



k E M A R K S. 



lb. ( 


oz. 


82 

58 


15 
iz 


75 

66 
64 


t4 

7 
6 


63 


2 


62 


8 


6t 


^4 


59 
58 


II 

4 


57 
57 


15 

8 

« 


57 
Si 


I 
6 



4^ X 

3l 7 

36 4^ 

14 8 



o I 
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20 cubic foot of bay is about a hundred weight. 

56 lb. of butter make a firkin, which is 4 ftone, 
Avfrdupoife. 

When wheat is at 5 (hUlings the bufbcl, the 
penny white loaf is to weigh y^ oz* out of London. 

If a, miller carries and recarrics.his corn, he ha5 
a qu^rttr of a peck per bufhel, for toll and wafte. 
But if thp owner carry it^ he- has but half fo much. 



4^ 



, M E A S tl R E S. 19 

40 feet o^ unhewn timber, or 50 feci of hewn 
timber, is reckoned a load or ton, 

6a fplid feet of Newcaftle coals is a chaldroo, 
or26buIhels. 

A bulhel of wheat weighs about 60 lb, Averdu- 
poife, which' is 4 ftone 4 lb 5 but fome weighs 
more. 

A load of Jiay is 36 truflcs, and a trufs four 
ftone, or half ^ hundred* 

The fever al ways of meafuring different Jorts of JFork. 

Different work is computed by different mea- 
fures. In dieafuring boards, timber, glafs, ftone ; 
the dimenfions are taken in feet and inches ; and 
the content caft up in feet. 

In cafks, the dimenfions are taken in inches, and 
the content call up in folid inches, or elfc in gal- 
lons. 

"• In paintinjg, plaiftering, paving, flooring, wain- 
fcot ; the dimenfions are taken in feet or yards 5 and 
the content caft up in yards. 

In roofing, tyling, fluting, raftering, partition- 
ing, flooring; the dimenfions are, taken in ictz^ 
ahd>the content given iii fquares of joo fquarc 
feet, '• 

- Walling is meafured in feet or yards, and the 
content given in rpds, containing 272 fquarefcet; 
or, in the Nol"th country, . the rod contains 7 fqjuarc 
vards. 

Land is meafured by Gunter's chain, and caft up 
in^acres, at 10 chains an acre. 

Earth works, as cellars, vaults, &c. are mea- 
fared by the yard folid. 

' In any rule, &c.*to'meafure with, it is the beft 
way to have it divided into decimal parts -, for the 
content of any thing is fooneft caft up, when the 
dimenfions are taken in decimals.' And the fhort- 

B 2 eft 



20 WEIGHTS AND 

eft way is to work by logarithms ; adding the toga* 
rithixis, inftead of muluplying the numbers j and; 
• fubtrafting inftead of dividing. 

3^be PraBici of fTarkmen. ~ . 

Glaziers take dimenfions to a quarter of an inch, 
and never make any allowance for round or oval 
windows j but meafure the circumfcribing parallelo- , 
grams. ^ . . . 

In plaifteritig, dedu£iions mufl: be made for door^ 
and windows ; but fome make no deduftions. 

Painters, in taking .the height, gird. the ftriflg 
into all the hollows, and round, all the fwellings of 
the pannels, &c. And in taking the height of a y 
door. Of the breadth, they add the thicknefs.^ 
liieir priced is according to the number of times 
the colour is laid on, Deduftions are made fqr 
chimnies, cfifcments, &c. 

Joiners, in meafuring the height qf a room, put 
the ftring into all the fwellings and mouldings. 
But in taking the length, they meafure in a ftrait 
line. Deduftions are made for all vacancies, as 
Vindows, chimneys, &c In partitioning, deduc- 
tions muft be made for doors and windows. 

In flooring, the hcarth-ftone is dedufted, except 
there be a border round it. Window Ihutters and 
doofs are commonly reckoned meafure and half; 
1t>2caure they arc worked on both fides. 

In roofing, tiling, flating, it is cuftomary to 

'reckon the flat and half ot building within the 

walls, for the meafure of the roof, when it is a 

' true pitch j that is, when the rafters are 4 the 

.breadth of the building. For workmanftiip alone, 

Iky-Hghts, chimney fhatts, &c. are deduced. . But 

.finding materials and work, takes in all, wcept 

places of 9 or 10 feet area. Some never deduct 

for ' 
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£br «wmdow fliafts and (ky-lights at all ; they are fo 
troublefome to the workmen. 

In tiling and flating, fky-lig;hts and chimney 
fbafts aie dedii€bed. The angle of the roof whicn 
bends inwards is called a Valley^ and the angle bend- 
iijg outwards is called a Hip. 

In walling a houfe, deductions muft be madafor 
doors and windows. 

In meafuring chimnies, ^ird round the middle 
for the breadth, and the height of the ftory is the 
length. 

In meafuring timber, it is cuftomary for the 
buyer to take the girt any where he pleales, be- 
tween the greater end and the middle of the tree. 
Branches of two feet compafs are reckoned tim- . 
bcr 5 any thing lefs is not timben When the bark 
is on, dedudt TfV or ^^ the circumference^ . . / .,, 
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PART I. 



Computing and Weighing, 
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P ft O B. I. 

To reduce Guineas into Pounds^ 

1 R U L E. 

TAKE the tenth* part of the Guineas, and ' 
add the half thereof to the guineas, for the 
pounds. 

What remains is fhillings. 

Emmp. 

In 674 Guineas^ how many Pounds ? 

The tenth of 674 (dropping 4) is 67, half of 
67 (dropping i) is 33. Then 33 added to 674, 
gives 707 pounds, to which put the 14 (billings 

remaining. 

2 RULE, / 

Call the guineas Ihillings, which reduce intO; 
pounds, and add to the guineas. 

/, Example. 

Hew many Pounds in 1 68 Guineas f 

Here 168 (hiHi|igs is 81. 8 s. which added to 
168, gives 176 1. 8 s. 

Cor. 



P.L 



COMPUTING. 



Cor. 3*i7 reduce pounds to guinea^j fuhlraif the 
%\fifwrt tbereaf^ * ■ - 

P R O B. II. . 
S^fig the frite of ly t0 know what Jdo <4)mes to } 

I RULE. V 

For every farthing in the price of one, reckon 
twice as many ibillings^and once as many pence. 

, Eocamp. 

If I co/is g^pencej what mil lOO eome t$ ? 

9 pence halfpenny is 38 farthings. 
Then twice 38 is 76 s, o d. 
And 3-8 penqe ' .^.3 2 



mtm^t^^mimmm^^m 



79s. 2d. = 31. 19s. 2d. 
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a RULE. 

For every fliiUing of the price reckon 5 pounds. 
And for every 3d. befides reck^on 25 killings. 
And for a penny 8 s: 4 d. 

» * 

Examp* 
fPHai comes 100 to^ 9J 7?* ^o d. a piece P 
TheihUUngs — • 35 o o 
The 3 peaces -r- 3 }S o 
A penny — ,84 

39 3 4 
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P R O B. IIL 

Having tb^ prifi §f loo gmn^ t^findtb^pri€t.^ft^ 

RULE. 

Take half 4U many farthings as there are ihD^ 
lings in the price ; abating the 50th part of tho 
whole nvmbcr of farthings. 

Examp. 
If 100 cofi 33 1. what is that a fiice f 

Whole num. farthings 660 



Half the number 330 

tyV the whole, fub. 13 



V* 



. 317 farthing*. 
79i pence. 
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Anf* 6 s. 7 d^. 



f^m^m 



FRO B. IV, 

» 

Having the price of t^ to kitow ^bat the lo^ 

hundred will co^' 

1 RULE. 

How riiany pence you give for each one thing. 
So many angels the long hundreds bring. 

Examp. 

" If one thing ^(\ft 3id. uohat mil x%oUf 
^^ angels s^ts, == 1 1, i2S. 6d. 






% RULE. 



p. L G^O M P U T YK^Gi Kj 

a^ R UXiE." 
Take half as many pounds as i cofts pffice i 
ad^g Ml $. 6 d/ £^1? eveiy oddjfiuthing. 

Ex. 

■~ , ' »■-» 

If t cofts islrd. what is the charge 6f i2d # 

Half of 13 is 6t 61. 10$. o a. 

3 half crowns for ^ 7 6 



/ - - 
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An£ 617 6 

PR OB. V. 

, By inewing tbepriee of the long bimdred, to hum 
what I (oft^^ . 

1 R U L E. 

» 

Vox every pound , reckon 2 pence, and ibr t^ 
very half crown more a farthing. 

Ex. 

fftbe long hundred {i%q) eofts 7 1. 15 s. what dofs 
I coft f \ 

7 two pence$ " is. % d, 

6 farthings if 

AnC I at 



2 RULE. 

^ Double the price, then the number qf {lounds 
call pence, ana the number of crowns over^ call 

farthings. . ". 



Exl 



%$. C Q,M P U;TI-fT G. 

Ex. • 

If deals be i8 L i6s. 3 d^ /^ /i^^ long bundreii 
^hat d$es i C9ft ? 
double, 37 1. 12 6>2r 3s.— lid. AnC 

PRO B. VI. 

«• • * 

Havh^ the price rfi^ *to know what the thoufand 

tomes tai 

I RU L E. 

For Tvery 6 pence T>f the price, reckon zS 
pounds; aiidfor every penny more, 4I. 3 s. 4d. 

4i pounds. 

Or ten times the-pri^c of xoo, is the price of 
a thoufand. 

. . . * » * 

Suppofe I cefts 13 s. 4d. what does lOOQ ecfi^ 

26 (hcpences 650 

4 times 4I. 3$. 4d« i6 13 4 



I 

^ 



or 46 
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2 RULE. , . 

' Take as many pounds is there are ferthi|>gs in . 
the whole price. Then add as ipaoy pounds as 
there artf^X pehCes in the price. Alfo for every 
lid. abovfc^add 5 (hillings, and idd. for each 
farthing. 

Exarhp* 

If I ccfis 14^ penee^ what wiU 1 000 eoft f 

S$ farthings 59 L s; d. 

a fixipencfis . a 

lid.. JO 5 o 

g farthings 4 ft 

Anf. 5i 9 2 

^ PROB. 



p. I. C ^ M P U T* IN G, 5f 

P R O B. VII. 

ffavh^ the frke of a tbou/atrd, tofnd the frict ^ 
0ie, . , . ■>♦ 

R u Lfe. . , 

• iTake as matiy farthings asj)6uhds m tke|ihcc, . 
abating the 25,th part thereof , ^ ^ ' * 

565 farthings . 565 ^ 

2^partfub. 22 ■ 



\j ^ ■•v*. 



AnC "543 fitthlngs = lis. 3^d, 
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PHOB. VIII. , : 

Having the price, of i , to fnd that 'of a doxtn. 

For every penny ia tbe psfoe;recIiiOn^^liHi^t 
wd 3 pence for each odd farthing. 

' ^^ X cpfts iSffpencOy what will iiie? 
Anf. i^-s. ^d. 

Cor. The price 0^-^ dozen^img^pven^ the price 
of 1 isfoundy iy reckoning fo many pence as there an 
w^lin^si or iyt^ig\f'^ihe.frke* . \^' 



rRX)B. 
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ftl COMPUTING. 

I" 

PR O B. IX. 
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Havifu^ the price of i tbii^\ to fa^ tbtprie* tf 
0grofs. ~ 

RULE. 

Find the J)ricc in pence, and take ^ of it, for 
the pounds. 

Ex. 

If enecofts^%. uid. what is a grofs f 

\ ''f%. lit Aji pence 

.6 • ^ 



An£ 28.50 or 28 1. 10 s. 
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P R O B. X. 

Himng tbe^ice of a grofs^ to find tbefriee of om. 

RULE. ^ 

Take the third part of the price in ihiUings, 
for the price of i in farthings. 

Ex. 
At 7 1. 9 s. 6 d. tbegrofSf what is tie price of i f 

7L 9 s. 6d« is 1497 fhillings, or 150 s. 

3)150(50 fan zz, ¥24 ^« Anf, 



\> 
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P R O B. XL 

Having the price of a gaffon of liquors s /o find tbi ■. 
p'ice of a ton. 

RULE. 

Put thip price into pence, and call them fo many 
{uihesis i adding quarter guineas for farthings. 



p. I. COMPUTING. 

Ex, 

If brandy befoldfcr 63. io|.d. a gallon^ what is 
(bat am? 
%u iJOjd. is %i^d. 

82^guin. Y 82 o o 

t 4 2 o 

15 9 



' > 



^d. 



Anf. 



86 17 9 



Cor. the price of a bogjbead is bad, kji taking 
a quarter if this fum. 



P R O B. XII. 

Having the price of a ton of liquors 5 to find that 
0f a gallon. 

RULE. 

Reduce the price to gyineas; then for ^ery 
guinea reckon a penny, and a farthing for a quar- 
ter guinea. 

£^. 

At gy 1. per ton^ wbat is tbat a gdllon f 

97 1. is 92 g» 8$. 

92 pence — 7 S 



8 MUngs 
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P R O p. XIII. 

^ncwing the price of i fQun^^ tofyii "onbat the 
bundrcd weight cefii. 

I R U L E. 

F6r every pervjy whioh « pound dc^poces. 
Count once ihfi atigelji^ 'ba^ng twice the groats. 

Ex. 

, If a pound he yi d. tvbat is the hundred weight f 
74 angels ^ 1. 15 s, 

15 groats, fob. 5 

— r — r— ^ , . 
Anf. 2 10 



2 RULE. 

Number the farthings that each pound, denotes^ 
Take twice the fhilhngs, once as many groats. 

Jf I coft^^s. 6^d. what mil too weight (Oji ? 
3 s. 6|-d. is 171 farthings, 
twice 171 (hillings 17 2 ' 

171 groats, add a 170 

■ * 19 19 o 



g Jl U L E, 

Find the pence for i ; take 9 times as many 
(hillings, and once as many groats. 

Ex. 

At lod. per pounds what is the hundred weight ? 
9 ten pencea 90 

ten groats '34 ' ^ 



■•«>• 



93 4 

Anf. .4 IS 4 
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P.I. COMP'Uf IKG. '51 

PRO B. Xm 

^be price of a bwuktd weight being given^ to find 
that df a pound ? 

f R tJ I. E. 

For every 7 (hillings ii> the price of a hundred 
weight, reckon 3 farthings ibr a pound. . 

Ex. " ' 

jil SL a hundred we^bi^ ^at will one coft ? 

8, pounds arc i5o (hillings 

the 7th part 23 

3times*23 farth% 6g^zr: i7;I' pence, Anfw. 

2 R U L E. 

Take the tenth part of the price in (hillings, and 
the fourteenth part of thaTs the fum is the pence for 
a pounds 

Ex. 

At 2^1. 1 7 J. 6d. the bundredf bow much is a pound f 
29 L 17 s. 6d. is 597i- (hillings, 
the tcmh part 59.7 , 

^ of this — 4.2 

fum 64 pence. 

Anf. 5 s. 4^. 



P R 3. X7. 

In Troy weighty having the price of a gr^n, to find 
the price of an ounce j or a pound ? 

RULE. 

Multiply the farthings in the price, by 6 j gives 
the price of a pound, in pounds. 

Or 



3t COM PUT IN a 

Or double the pence in the price ; gives the price 
of an ounce in pounds fterling. 

Jit i^d. agrdn^ how much it a p9und f 
it or 5'x6 =3ol* AnC 

Ex. 2. 
At 2d. a grasHj bow much is an mnce of gold? 
2 d. doubled is 4 pounds. An£ 

P R O B. XVI. 

• / 



In trey WH^U the price of a ftmtf weight hei^g gi* 
ven^ to find that of a pound. 

RULE. 
The number of pence in the price^ call pounds. 

Ex. 

And lof J. the penttf weighty how much is a pound f 
lot pounds 10 1. 10 s. Anfw, 

P R O B. XVII. 

The price of a hujhd of coals being given^ to find 
that of a chaldron^ ^r 36 hufoels. 

RULE. 

Thrice the number of pence in the price, call 
(hillings. 

Ex. 

At 4t d. the bujbely how much is a chaldron of coals ? 

Thrice 4t is I3t (hillings, or 13 s. 6d. Anf. 
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p R o B- xvm. 

Gimn the prite vf a fivne^ to find the prk( of a 
ton. 

RULE. 

Find the pence, and take ^ that numbef of 
pounds. 

Ex,' . • ' 

Jt ^s. 4-i- d. a Jldne^ what is that a ton? 
3 s. 4i:.d. is 40^. 

and * of 4ot is J2 + i- or 26 -£ L 
, 36: 6 

and 26 -i. 1. h 26 1. 16 s. 8d. Anf. 
o 

E R O B. XIX. 

Ti^ price of ,one thing .being gkpen in pence^ to find 
ivbat ar^ numb&r will come t6. 

I R U L E. 

For 6 pence reckon half fo many fliillings ; 
^ For 3 pence, half of the laft fum ; and 
For a penny, f of the laft. 

Example* 
TVbat <vitt sy cojt ai id. a piece? 

half of 57 28 6 .186 

half of this 14 3 00 

a third of that 4 9 4 9 

ditto — 4 9 4 9 

Anf. I 18 o 
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2 R U L £• By a "Tahle. 

Againfl the quantity on the fide, and under the 
price of i at top, you have the price of your quantity. 
This is to be taken out at feveral times as occafion re- 
quires. 
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/. 
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36 COMPUTING 

P R O B. XX. 

The price of i heing given inJhilUngSy to find what 
any nfimter will come to. 

I R U L E- 

In the number of things propofed, double the 
right hand figure for (hilhngs, and reckon the reft 
of it pounds. Then take this fum of pounds and 
ihillings as oft as 2 is contained in the price ; and 
if there is ati odd ihillings take half the faid fum. 

Examp. 

IVbat is 2344 ounces at i^Jhillings an ounce ? 

234 1. 83. taken 6 times is 1406 1. 8 s« 

half of it -— 117 4 



Anf. 1523 12 



2 R U L E. 

Multiply the number of things by half the price % 
then double the right haild figure for fhillings, and 
the reft is pounds. 

« 

In the former Example. 

2344 X by 6i is as follows, 

6.x 2344 is 14064 

half of it is 1172 

15236 

Anf. 1523 1. 12 s. 
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P R O B. XXI. 

Having the price of i in pounds •, to find the price 
9f awf number of them. 

RULE, 

Multiply the price feparately by every figure of 
the propoled number ; putting each produft in its 
proper place. 

Examp. 

Whnt comes 5307 to at ^7 1. apiecis? 
5000 X 57 — - 285000 
300 X 57 — 17100 

7 X 57 ^ 399 

Anf. 302499 1. 



P R O B. XXIL 

To caft up fumi of money by Counters.. 

RULE. 

Make four feparate partitions upon a table, and 
mark them with chalk, pounds, (hillings, pence, 
fiirthings ; then write down the feveral fums, or 
eUe put as many counters into each partition as 
there are pounds, fhillings, &c. in each fum. Then 
begin to reckon at the loweft denomination, and 
proceed till you amount to i of the next greater ; 
then throw away that number of counters in the 
lefler, and inftead of them, put i counter in the 
place of the greater. Proceed thus throughout, 
leaving only fo many counters in each partition^ a& 
is the overplus at laft. 

Note^ pieces of paper may fcrve inftead of coun- 
ters, and brown paper may ferve for pence,* and 
white, for (hillings, 

C 3 Examp. 
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Example. 

Suppofe you have the fol- 
lowing fums^ 
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Firft, I fay, 3 farthings and a halfpenny ar? 5 
farthing?, leave i counter in the place of farthings 1 
and carry i to the place of pence. Then i and 
11 is 12, which throw away, and put i counter in 
the place of {hillings ; then 6 and 2 is 8 and 8 ia 
16, throw away 12, and put .1 in the place of (hil- 
lings, and put in 4 counters at pence. Then 2 and 
II is 13 and 12 is 25, throw away 20, and but i 
in the place of pounds. Then 5 and 7 is 1 2, fo 
put 12 counters in the place of fliillings. Laftly, 
I and 9 is i"o and 7 is 17, and 5 is 22, and 3 is 
25, and 10 is 35, and lOo is i'i5\ fo put 135 
counters in the place of pounds. So examining 
each partition, you will find 135 1. 125. 44 d. tQ 
be the fqm required. 

P R O B. XXIIL 

To find the inter eft of afum of money for arty num^ 
icr of daySy at any rate pr cent. 

RULE. 

Multiply the r^te per cent, and the principal to- 
gether, and take the third part of it, from which 

cut 



p. I. COMPUTING- $9 

cut off 3 places to the right hand. From this fub* 
tradt the 73d part of itfelf for for ftiortnefs the 
J^othpart); and the remainder is the intereft for 
1 2 days. 

Then 2, 5, 10 times this, &c« gives the intereft 
for 24, 60, 120 days, &c. AUb*-i-V» t» t^ t» i 
the faid intereft gives the intereft for i, ?, 3, 4, 6 
days ; and confequently it will be had for any nym- 
ber of days* 

Exatnp. 

What is theintenft of 311 1. 13 s. 4d. for 315 

days, at 4t per cent. 
311 1. 13s. 4 d. =: 3ii|. = 311.66665 
*4tX 311.666 is — *. I402.5 

the third part is — 467-5 

three places cut off — . .4675 

the 70th part, fubft. * 6S 

the intereft for 12 days .4609 

Intereft for 120 days «— » ' 4*609 

for 120 days more 4.609 

for 60 days more 2.3045 

for 12 days more .461 

for 3 days more •1152 

315 12.0987 

20 



H 



1.9740 

« 

11.6880 



Anf. 12 1. is; iiid» 
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P R O K XXIV. 

Having your weekly expences ; /# know wbai it eofij 
you in they ear • 

I RULE. 

Each fix-pence in the week docs make appear. 
The guineas with the crowns ^Ipent in a year. 

Examp. 
At s%. 6 d. per week^ or ii fix^pences per w$4ks 

1* f. d» ', 

1 1 guineas *^ 1 1 no 

II crowns ---^ 2 15 o 

Anf. 14 60 

» !■ 1 Ii ■ » f — ^ 

* 

2 R U L £• 

The farthings in each week do make appear. 
The fhillings with the pence fpent in a year, . 
Add one day's expence, 

Ex. 

At 1 5^d. in a weeky what is it in a year ? 
15^ is 61 farthings. 

I. 8. d, 

61 fhillings 310 

61 pence 5 i 

One day ^ 2^ 

3 6 at 
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P R O B. XXV. 

Knowing ymr daily 0xf ernes i fa find what *i$ cofti 
in a year. 

R m. E. 

Number the pennies oF each day's expcnqe ;, 
So many pounds, and angels, groats, and pence^ 
You fpend within the year's circumference, 

Eicamfu, 
/if pd. per day^ what for the year ? 

9 pounds — 900 

9 angels ^— i 4 10 o 

9 groats -— 30 

f p€nc« «• •— 9 

Anfw, 13 13 9 



■•% 



P R O B. XXVI. 

By knowing your yeanly income ; to find what you 
tanfpeiktaiay. 

RULE, 

The third part of the pounds you yearly have. 
So many two-pences afford to fp^nd or fave, nearly* 

Examp. 
At 40 1. a year J quere what a day f 

t of 40 is i3t 

and i^t two-pences is 26^ pence, or 2 s. ifd. 
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P R O B. XXVII. 

The money gained in an hour being given \ to fina ' 

the produce in a week. 

R U I^ E. 

Reduce the price to pence, and take ^ thereof 
for the pounds. 

Examp. 

If an hour produces ^\d. what will he the produS 
in a week ? 

Here 9t X A is 6.65 zz 61. 13 s. Anfw. 

PROS, XXVIII. 

Having the produS of anjf thing for a minute^ U 
Jlnd it for a day. 

RULE, 

Take fo many pounds, and fo many angels a& 
there are farthings in the produdi; of one minute% 

Examp. 
At 5*^ d. a minute^ what will a day come to f 
5-^d. is 21 farthings. 

I. s. d. 

21 pounds 21 00 

ii angels — 10 iq o 
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P R O B. XXIX, 

To difcover a deceitful Ballanct* 

RULE. 

After the weights are made even in the two fcales, 
change them into the oppofitc ones,- Then if they 

ftiU 
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ftill remain equal, the ballance is true ; if not, 'tis 

falfc. 

But a fteelyard cannot be tried this way ; yet it 
may be tried, by weighing any thing with it, and - 
then weighing that thing in a true pair of fcales. 

Cor. If one arm of a hgUance be longer than the 
0ther it is a deceitful ballance \ tkougb tbefcale$^ wben^ 
efnftyy mcy be in equilibrio. . 

P R O B. XXX. 

J"? weigh all things with tbefeweft weight s* 

RULE. 

Take any number of pound weights in this pro- 
greffion i, 3, 9, 27, 81, &c. and they will weigh 
any number of pounds, not ei^ceeding the fum of 
them all. But fometimes fome of the weights muft 
be put in the contrary fcale, to be fubtrafted. 

The fame thing may alfo be done with the 
weights in this progrefCon, i, 2, 4, 8, 16, 32, &c. 
where none need be put in the oppofite fcale, which 
is better, 

P R O B- XXXI. 

^ofind the content of any plane figure by weighing it* 

RULE. 

Having the figure drawn upon paper, cut it out 
in pafteboar^, which is eafily done, by laying the 
paper fcheme upon it ; and weigh your pafteboard 
figure in grains. Then mark upon it any fquare 
you can meafure, and cut it all away to that 
fquare ; and then weigh the fquare. And fay, as 
the weight of the fquare, to its meafure ; fo is the 
weight of the figure, to its content in the fame 
meafure. 

P R O B. 
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P R O B. XXXII. 

The f olid content of a body being known^ to find its 
weight* ^ 

RULE. 

Find what an inch or a foot of that fprt of body 
weighs, either by trial, or by the tables of Ipecific 
gravity/ Then multiply the content of the body, 
by this weight, and you have the weight of the 
whole. 

Ex. 

How much does a piece of elm weighs which con* 
tains 20 feet ? 

By the table of fpecific gravities, a foot of elm 
weighs 49 1. I oz. This multiplied by 20, pro- 
duces 98171b. that is, 70 ft. 1:^^ lb. or 8 hundred 
6 ftone, i:J:lb, 



PART 
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PART II. 

Geometrical Problem^ and the Mea-^ 

Juring of Lines. 

SINCE meafuring the contents of fuperfi- 
cies and folids by the Sliding rule, is very eafy 
and expeditious ; and we Ihall have o(!cafion to 
make freauent ufe of it, in what follows ; there* 
fore I ftiall begin with a fhort defcription thereof. 

J*be defcripthn and ufe of the Sliding rule. 

This Rule (^commonly called CogJbaV^ Sliding 
rule) has four lines upon it, adapted to meafuring -, 
they are marked A, B, C, D. Three of thefe, 
A, B, C, are double lines, becaufe they proceed 
from I to lo twice over. The fourth line D is a 
fingle line, proceeding from 4 to 40, and is called 
the Girt line. 

Two of thefe lines B, C, are upon the Aider, 
and the other two A, D, upon the rule. The three 
fingle lines are all exactly alike, and alike number^ 
» cd, and divided ; the divifions being numbered i, 
2, 3, 4, to I again, from the beginning to the 
middle ; and again, i, 2, 3, 4, to lo, from the 
middle to the end. The fourth line D, is num- 
bered 4, 5, 6, 7 to 40 ; but figures are not fet to 
all the divifions, for towards the end they grow 
very fmall. The number 4 in the fingle line ftands 
againft I in the double lines, and the number 40 
againft.io. In all the line* the divifions are large 

at 
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« 

at .the beginning, and continually decreafe to th^ 
laft. 

For the numeration upon the lines ; i at the be- 
ginning may be counted i, then the i in the mid- 
dle will be 10, and lo at the end loo. If j at the 
beginning be called lO, i in the middle is loo, 
and lo at the end looo. Or if the firft i be reck- 
oned I GO, the fecond r will be looo, 'and the laft 
I or the lo will be 10,000; and fo on. And as 
the grand divifions are numbered or altered, f(y 
are all the fmaller divifions altered in value accord- 
ingly. 

The ufe of the double lines A and B, is for workr 
ing the rule of proportion ; as alfo for finding the 
areas of plain figures. And the ufe of the girt line 
D, and the other double line C, is for meafuring 
folids. 

Bcfides thefe lines, there are feveral other lines 
;and fcales, as a line of inclies with halves, quar- 
ters, and half quarters. A line of inches, each 
divided into ten parts ; this is alfo a foot divided 
decimally, and ferves to turn inches into decimal 
parts of a foot. The backfide of the Aiding piece 
is divided into inches, halves, quarters, and half 
- quarters •, and ferves to meafure any lepgth, by 
Aiding it out. 

There are upon fome of thefe rules other fcales 
and tables, as a table of board meafure, one of 
timber meafure. A line ftiewing what length, for 
any breadth, will make a foot fquare : this is for 
compleating the table of board nAeafure. Alfo a 
line, ftiewing what length will make a folid foot, 
for any thicknefs. This alfo compleats the table 
of folid meafure. 

If I on A be fet to any number on B, thefe two 
lines will be a table or multiplication. For the 
numbers in A, will be the feveral multiplicands, 
and the correfpOnding numbers in B, the ^du&s. 

Alfo 
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AlfoTf the lines C, D, be fet together, 10 a- 
gainft 10 ; they will be a table of fquares. The 
line D being the roots, and C the fquares ; the 
numbers at 10 and 10 being reckoned 10 and 

loo. ' 

In a Gauger's rule, the line D is numbered from 
% at the beginning to 10 at the end; which is more 
commodious for extrafting roots. 

As the fhorteft and eafieft way of meafuring all 
fuperficies and lolids, is by the Aiding rule 5 it will 
be neceffary to lay down a few Problems to (hew 
the ufe of it. 

The Ufe of the Sliding Rule. 

PRO B. I. 

TV muhipfy two numbers iegetber^ as 7 and 26. 

RULE. 

, Set I upon A, to one of the numbers (26) up- 
on B ; then againft the other number (7) on A, is 
found the produA (182) upon B. 

NotCj Ir the third term on A runs beyond the 
end of the line B, fcek that third term on the o- 
ther radius (or part) of the line A ; then the pro- 
du^ will be found on B, which muft be increafed 
ten times as much. 

P R O B. 2. 

^0 divide one number b^ another^ as 510 iy i2. 

RULE. 

Set the diyifor (12) on A, to i on Bj then a- 
gainft the dividend (510) on A, is the quotient 
<42t) on B. 

Note^ l£ the dividend runs beyond the end of 
the line A, diminish it 10 or 100 times, to make • 

It 
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Ifi f&llon A; then incre^fe rite quorient lo or loo 
tisnrs, reipeftively. ^^ 

P R O -B. 3. 

TV fpuire afty mmieri, as 27. 

RULE. 

■ 

Set I (or 10) upon D to i upon C, thch.agamft 
the number (ly) upon D, is the fquare upon C 
(7t)5> Aftd to reckon right, obfcrve that As the 
I upon D is counted i, lo, or loo, &c; the ru^ 
' on C (againft it) will be i, lOo, ©r 10,000 -, that 
is the fquare of the other. 

- If you would fquare 270, reckon the i on D 
to be. 100, then that on C.wiU te 10,000, and the 
pcodudt 72,900. 

P R O B. 4, 

^0 extraSi the fquare root of any number^ as 4258^ 

RULE. 

Set I upon C, to i (or 10) upon Ds then a* 
gainft the number (4268) on C^ is the root on D 
(^5-3)' Which to value right, f oii m«ft ftjppofe 
the I on C to be fome of thefe fquaffes i, lott, 
10,000, &c. which is near the given number ^ And 
then the root correfponding, will be the value of 
:the I on D. 

, P ROB. 5. 

^0 find a mean proportional between any two num^ 
hers^ as %y and 450. 

RULE. 

'Set one of the numbers (27) on C, to the fame 

on D-, then againft the other numbers (450) on C, 

you have the mean ( 1 1 2 ) on D. 

Notey 
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Note^ if one of the numbers overruns the linct 
take the looth part of it, and then take a ;nean^ 
which multiply by io« 

P R O B. 6. 

Tbret numbers being given ; to find 4 fourth fro* 
portional: fuppofe 12, 28, and 57. 

RULE. 

Set the firft (12) upon A, to the fecond ^28) 
upon B ', and againft the third (57) on A, is the 
fourth (133) on B. 

No(e^ if one of the middle numbers runs off* the 
line, take the K)th part of it only, and then take 
10 times the fourth proportional found. The find- 
ing a third proportional is the fame, the fecond 
number being twice repeated. 

P R O B. 7. 

If the breadth of s board be given (8 inehes) ; to 
find bow much in length mil make afooPfyuare. 

RULE. 

If the board be narrow, you will find it in the 
table of under board meafure in the table on the 
rule I if not, (hut the rule, and feek the breadth 
(%) in the line of board meafure running along the 
rule, from that table ; then over againif it, on the 
oppofite fide, in the fcale of* inches, i$ 1 8 inches, 
the length required. 



D PROB. 



1 



io , THE'Sl/VPING RULE. 

P R O B. «. 

The Jde of the fquare of a piece of timber being 
given ( 1 6 inches) % to find bow much in length will 
make a foot folid* 

RULE. 

If thfe timber be fmall, look into the table of 
under timber meafure on the rule, and you'll find 
the feet md inches. Otherwife look for the Ikle of 
the fquare (it) in the line of timber meafure run- 
ning along the rule from that table : and againft it> 
in the line of inches^ is the length 6^ inches. 

P R O B. 9. 

Ito find the cqntent of My furfdce. 

RULE. 

.. Reduce the furface to a redangle, then (by 
Prob. I.) multiply the length Bnd breadth together, 
for the area or content of the furface, in the fame 
fort of meafure. 

Otherwife. 

If the length be given in feet, and the breadth 
in inches, bet 12 on A to the length on B ; and 
asainft the breadth on A, is the content on B. in 

leet. 

Othertsife. 

If you would have the dimenlions tak§g2^ tm« 
^'fort of meafure,' and the area given in another fore. 
^ See how many fquareaof the firft, make one of 
the other •, and make It a divifor. 

Then fet tlus divifor on A to the length on B, 
and againft the breadth on A, is the area on B. 

PROB. 



p. 11. 'THE SLIDING RtJLE. »i 

4 
I 

P R O B. lo. 

To find tbf content of the foltdbo^. * 

RULE. 

Reduce it to a long body, or paratlelopipedoti, 
fquare at the ends ; mdafure the length in feet, and 
xh^ fide of the fquare in incfies. Then fet 1 2 on 
Df to the length on C ; an<i againft the fide of the 
fquare on D» is the content: on C» in £pet. 

P R O B. II. 

If two fixt numbers are given on the lines D and C, 
as p and q •, to change them to others that will per- 
form the fame operations. 

RULE. 

Inftead of p and j, take i and -2 , or jtL 

pp ' '^ a 

and I, or r and V^i which may be exprefled thus, 

pp ^ 
DC 

p q 

X 



I 



y/PP 
i 
r 



I 



qrr 

*. '• ' - PP 

That is, inftead of fetting p upon D, to j upoft 

C ; one may fet i on D, to -L on C ; or /-SL 

PP ^ i 

On Pi to I on C i or r on D.to ^ oa C. 

D 2 For, 



AX THE SLIDING RULfi. ' 

For,' p, J, being two fixt numbers, and r Cake 
^t pfeaibre •, and tince the numbers on C are as th 
fquarcs pf thok 00 V ; .therefore we muft fquare 
thofe oh D, and make them proportional, that they 
may perform the fame thing •, then we (hall have 

fp i t^'rT-Si • and s =:Xr, arid r = ^^. 

s 

PRO B. u. 

^0 fnd a proper fixt vumherfor the line D, /(?r w^tf- 

furin^ ploin^s or foiids. 

R U L E. 

, Here you rfiuft have given the content of fomc 
palticular plane or folid of that fort, whofe diaiw- 
tcr, circumference, &c. is i, put this content r: S. 
Then if the dimcnfions be taken in one meafurCt 
^ the content given in another ; put n zz num- 
heft of leiTer fquares or cubes contained in i of the 

/— ■ 
greater* x zz fixt number. Then x zzi^ ^, — • 

For in areas it will be>?* : i : ; i : S, and at = V ~* 

^ S 

And in foiids, ap* x height : height : : i : S. And 

X ZZ /-:r . 

V s 

Examp. 

In fquares y = i. Or for inches apd feet, x zz iz. 
In circles x zz / -i^ . Qr for inches and 

. ' y 7854 . ] 

,. ; V .7854 

In circles, when the circumference is i, ^ n /— 1-^J 

..-•...: ' V-,0796.' 

;■«.»• ^ ' . . . • 

In 



PAl. . THE SLIDIJJIG RUJ^E. ^j 

In (Jylinders for inches and feet, * '— V ''*'H'- . 

: In a cube, if = i. For inches and.fctt,-*?'-;^;' 
^^ =: 12. 




'"! V '(1 



In a (bhcre, circumference = i,for ipches ind fe?ti 



in a iphere, circun 



no - 

P R B. .1. 

» , 

91? ^rtfw ^ r/^A/ line from me f lace to another. 

RULE, 

If it be a fmall diftance, ^ply a ruler, to the 
two points the line is to pafs through, and b^ Ihe -i 
a:]ge of it draw a line with a pini or pencil, or ^ 
with pen and ink, * ^ / 

If the diftance be greats ftretch a line fh)b one 
ttlace to the other. And if it be a plane chaHc the 
fine, and cayfe it to fpring againftthat plane, and 
it will leave the mark of ^ jight line. If ftakes be • 
placed all the way between the eye and any diftant 
point, they will ftand in- a right line. 

P R O B, XL 

^0 meafure the length of any right line. 

RULE. * 

If the diftance be Inort, open a pair of co^m- 
pttfles to the extent of the line, and apply it tb a 
fcale of equal parts, and you will haye tne length 
in the fame fort of parts. 

If the diftance be great, apply ^r\y meafure, a& a 
foot^ yurd, &c., to one end of the iiae5,\an^ipxtenci 
it as far «s'it will reach direftly forward; do thus • 
as often as you can, till you come to the other end ; 

D 3 then 
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Fig then to many times as you applied that meafure^ fo 
many f^t or yards your line is of. 

, Or: extend g line from, one end to the other ; and 
meafurc the length of that line, by applying any 
meafure to it, as oft as you can ; and you will find 
how many of thefe meafures it contains. 

In taking the diitienfions of any furface or folidj 
they muft all be taken by one fort ot meafurc ^ all 
leeCy all yards, &c. 

P R O B. III. 

To draw cne line parallel to another^ thro^ any paint. 

RULE. 

I, Lit AB. be the line and D the point -, from the 
point D take the nearcft diftance to the line AB^ 
with a pair of compafles, or with a threads And 
iioiD iasAt dcher point A in the line AB, fet ofF 
the fame diftance to C, and defcribe a fmall arch; 
at C. Draw a line from D to touch the aroh at 
C ; then CD is parallel td AB; 

Thefe parallels are fuppofed both of them to be 
drawn upon (bme plane furifiace. But if one of 
them, as CD, be fuppofed to be ia the air \ be- 
fides tFfe idqual diftances, care muft be taken, that 
they both be in the fame plane % and that may be 
known, by applying the eye to one of them, as 
CD, for if it cover the other AB, then they arc 
in one plane, otherwlfe not. 



, ♦ 



' k 
I ' 



F R O B. 



p. 11. problems; 4^ 

P R O B. IV. 

'To rat ft a perpendicular to a right line^ to pafs thrf 
a given point. 

R O L E. 

Apply a ruler to that line, then apply one ikfe 
of a fquare to the nilcr, io that the other fide maj^ 
pafs thro' the point ; or elfe that another ifule.apK 
plied thereto may pafs thro* the point ; then dravi; 
a line by the fide of the fquare or the ruler. 

Or draw a thread frpm that point, fo that it may 

coincide with the fide of the fquare, whil« the other 

'fide lies upon, or coincides with the given line \ 

and the thread will be a perpendicular. 

• • • . 

^tberwife. 

Mike the bafe AB, 4 ; the height BC, j*. and* 2. 
the fide AC, 5, feet, yards, &c. and then C3 i% 
perpendicular to AB, 

P R, O B. V. 

TV raife a perpetuUeukar upoa a plane to pafs thf^^ 
Mt^peinf, 

RULE. 

Extend a thread from the point to the plane, and 
put it in fiich a pofitioff, that it may jufl: coincide 
with one fide of a fquare^ when die other fide is 
laid on the plane, round ^Mut the thread on everf 
fide. Then the thread is a perpendicular to the 
plane. 

Or extend a thread from the point to three dif- 
tin£t places on the plane. Kind the centre of a 
circle pafling thro* thofe three points, which is foon 
done by a 'few trials : then a line, palling through 
that center and the given point, is a perpendicular. 

D 4 Or 
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Fig. Or a circle may be (Jefcribed on the plane with 
t. a pencil, 1>y exteoduig the thread *, and then the 
center of this circle may be found, by drawing 
Uff^ parallel lines thro* it, and drawing a third line 
thro* the middle of thefe two ; for if that line be 
bifcdtcd, the middle point will be the center. 

« 

P R O B. VL 

To meafure the perpendicular height of anji point 
shve a line or plane. 

RULE. 

Take the ne areft diilance from that point to the 
litie or plane, wich a firing \ and then meafure its 
length. 

If the perpendicular falls within a fblid body \ . 
you mufl lay a rukr from that point, parallel to 
the bafe, and take the neareft diflance from the 
ruler to the bafe ; and this is eafily done, if the 
body flands upon a plain floor ; "but if not, then i'' 
board mufl be applied to the plane of its b4fe, 
ind a line drawn parallel to the board through the 
top of the body, which muft be held fo as to be^, 
ev^ whftre equkKftant ; and then that diflance it 
the height required. 

If it be fo fituated, that a line or ruler cannot 
be lipplied, io as to be made parallel to the bafe. 
Then if it has a flreight fide, the angle that tho 
fide makes with the bafe, and the length of the 
fide«. muft be found \ from whence the perpendi* 
cular height may be had. 
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P. II. PltOfiLt^^." ^ 5>. 

pnofi. vir. ' ^ 

70 iff^if. if Une .A3 int» Mrf tatin^ «/ tfuatfarti.' 

RULE. 

.Dntw any line ab parallel to AB, and fet o^ p 
y9ur number of any equal parts fr6m a to ^. Dravr 
the lines '^A and^B, to interfe£b in C. Frpoi C 
draw G/, O, Cdj Cc\ to interfeft AB in i, 2^'^^ 
4 J which are the divifions required. 

The line AB may. alfo he divided by trials, by 
running a pair of compaffes from one end to .the 
other i and increafing or decreafing the divifions, , 
till they juft anfwer to the whole. 

If the diftance be large, this way cannot be prac- 
tifed ; then the length of che line AB muft be mea« 
fijred in feet, yards, &c."an(i the whole length 6w^ 
vided by the number of parts, to get the l^gth ^ 
of one parti which done, that length muftbcTet^ 
off from B to i; from i to 2, from * to j, ,&c.'^, 
to A. 

PR O B. vin. 

JT^ iefcfibi a circle thrg^ three points giwit A, B,'F. 

R U L E. - 

Open the conipaflest and fetting one fooHn C,' 4. 
try; it the other turned about will reach all the three 
points^ if not,, ftrift the center, and try again, till' 
it do : or yoy may ufc a thread ; then dclcribe the 
circle ABF. 

Otberwife. 

From two of the points draw lines to the third, 
ss AB, BF. Raife two perpendiculars DC, EC, 
upon the middle ojF the lines AB, BF 5 to intcrfeft 
in C. Firom the center C defcribe the circle ABF. 

P R O B. 




5« PRACTICAL 

Fig. 

P R O B. IX.. 

^ofind the cmtir tf a circSe. 

I RULE. 

4. The center C may be found by trials j or thus ; 

' - draw any line BF, and on the middk point £,' tftBt 

the perpendicular G£H. Bifcd GH in C, and C 
is tbie center. 

2 Or thus. 

. Thro* the circle, draw any two lines BF, ifj pa- 
rallel to one another; bifeft thefe lines at E and ^ 
thro* E, e, draw the line GH, which will be a di- 
amcter ; therefore if GH be bifeded in C, then C 
will be the center. 

, P R O B. X. 

^0 divide the fmichr^U ADB into aty number ef 

R U L E. 

5. Make AC and BC equal to AB. Divide AB in- 
to the fame number of equal parts, at b^ r, J, 'e. 
And let the divifions at the center rather be bigger 
than lefs than thofe near the circumference at A and 
B. Then, draw the lines C^, Cf, Cd^ Ce^ to in- 
tcrfeft the circle at i, 2, 3, 4, which will divide 
the femicircumference into equal parts as required. 

The femicirclc, or any other arch, may alfo be 
divided into any number of equal parts by trials; 
running a pair of compaffes from one end to the 
other, and increafing or decreafing the extent, as 
it IS' found to be too iiti-le or too big. Where note, 
the length of the radius is juft the extent of tht 
third part of the femicircle ADB. 

PR OB. 



\ 
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Fig. 
P R O B. XI. 

T'O' make a fquare equal to a given circle. 

1 R U L E. 

T^ro* the center C draw two diameters AB, DE o. 
perpendicular to one another. And divide each 
of the quadrants into three equal parts at \%%m 
So that the middle divifion of each be rather big- 
ger, than lefs, than the other two. Thro* i^ i% 
draw the lines, ab^ ci\ and thro 2, 2, the lines 
tf r, bd \ and the fquare abdc is equal to the circle 
AEBD. 

2 Otberwife. 

Thro* the center draw two diameters AC, BD, j^ 
perpendicular to each other. And divide one dia- 
meter AC into eight equal parts, and fet one of 
thefc parts (rather more than lefs) from A to j, and ^ 
from B to ^, C to r, and D to d. Draw ab^ b^^ 
cdy da. And aicd is a fquare equal to the circle 
ABCD, 

3 Otbirwife. 

Make the diameter AB 14 parts, and AD i.i ^ 9-^ 
raife the perpendicular DE. Draw AE, and the 
fquare AEFG is equal to «he whole circle, whofe 
diameter is AB. 

By the Sliding Rule. 

Set I on A tp .282 on B» and againft the circum-* 
ference on A, is the fide of the fquare on B y whofe 
area is equal to the circle. 

For .282 is the fide of a fqwre equal to the cir^ 
de, whofe circumference is i* 

tROB. 



6o PRACTICAL 

Fig. 

P R O B. XIL 

7o defcribe an Oval. 

RULE, 

V . Draw the tranfyerfe AB, and conjugate CD, at 
right angles to it. Defcribe two circles AFEK, 
and EGBL; then take two centers H, I, anv 
way in D, equidiftant from E^ and from thete 
centers defcribe the arches KL, MN^, to touch the 
circles KF and GL. 

The two circles may be drawn otherwife than 
to touch at E I for they may be made to pais thro^ 
each other's center, or at a diftance from one ana* 
ther, &c. 

An eliipfis is ealily drawn, by fetting up two pin» 
m two centers n^ o\ about which putting a thread 
mpy and knotting it at ^ ^ the point p carried a* 
bout, will defcribe an eliipfis DPKAMCNBLD; 
by help of a pencil 

P R O B. XIII. 

4 

To reiuci any irregular fi^ure^ or anf curve or part 
ef a curve^ into a re£langle. 

RULE. , 

jQ^ Let ACB be the figure. Ercft any number of 
* perpendiculars upon the bafe AB at equal diftances 5 
meafure their lengths, and add them together, and 
divide the fum by their number, the quotient is 
die mean breadth AD, which is the breadth of the 
parallelogram ADEB, equal to the fig. ACB : the 
length being the fame; or both of diem Tiaving 
the common bafe AB. 

Mxamp* 
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Example. iq^ 

Ercfl: feven perpendiculars, whofc lengths mea- 
fured and marked in the figure, are o, 2, 4, 4, 2» 
3, 2. Their futn is 17, and 17 divided by 7, 

gives 24* for the mean breadth, which is equal to 
E or AD, the breadth of the parallelogram A 6ED> ^ 
equal to the figure ACB. 

NoUf this Frob, is of ufe in meafuring irregu* 
lar planks or boards. 

P k O B. XIV. 
Tojlnd the bypotbenufe of a right angled triangle. 

R U L E.; 

From any fcale lay down the length of the bafe 1 1, 
AB. Draw BC perp. to it, of the length given, by 
f he lame fcale. Draw AC, which, meafuned on 
thi fcale, gives its length. 

Otberwife. 

To the fquare of the bafe add the fquare of the 
perpendicular ; extraft the fquare root of the fum, 
^ and you have the hypothenufe. 

Examp. 
Let the bafe AB be 22, the perpendicular BC 13^ 



22 

22 


13 
13 


. 653(25.55 
4 . 


the bypoche-* 
nufe AC. , 

< 


44 
44 


r 

39 
13 


45>)253 • 
225 


■ ft 


4S4 


169 

484 


1 1 

505) 28ciO . 




< 

<• 


653 


^75 
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Fig. 

P R O B. XV. 

Tgfind cither leg of a right angled triangle. 

- I R U L E. 

1 1. Draw the given fide AB, of it due length ; raife 
BC perpend, to it } with the length of the hyp. in 
your compafleSy fet one foot in A, and with the o* 
ther defcribe an arch cutting CB in C ; then CB is 
the other fide^ which meafured on the fcale, gives 
its length. 

2 Or thus. 

From the fquare of the hyp. fubtraft the fouarc 
of the given fide ; extract the fquare root of the 
remainder, and you have the other fide. 

Examp. 
Let the bfpotbenufe AC be 25.55, the hafe AB 22. 



• • • • 



22 25.55 168(12.96, the perpen<* 
22 25.55 1 dicular, CB. 

22)68 
44 

249)2400 

224f 

ft 

168.8 







44 


5110 


44 


1277 
128 


484 


>3 




652.8 
484 
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Fig. 
P R O B. XVI. 

Having tbt three Jidet of anf triangle ACB* to find 
the perpendicular CD. 

1 R U L E. 

Draw the bafc AB of a proper length, by itiy ^♦•^ 
Icale i and with the length of AC in your com- ^ 5* 
pailesy and one foot in A, defcribe a fmall arch ; 
then with BC in your compaffes, and one foot in 
B, crofs that arch at C. Then draw AC, BC ; 
and the triangle is conftrufled- 

Then from C let fall a perpendicular upon AB, 
as CD, for the perpendicular. Or take the neareft 
diftance from C to AB, which apply to your 
fcale. 

2 RULE. 

r:A >r^ .An — AC*+AB»*— -CB** 

Find one icgment as AD :r w , ,, > 

2AB. 

Then find CD z=. v/C A^ — i\D\ 

3 R U L E. 

Take* "half the fum of the three fides, and fob* 
traft each fide from k, and you have three remain- 
ders -, tTien multiply that half fum, and the three ' 
remainders together continually. Extract the fquare 
root, and divide it by half the bafe, and it gives 
the perpendicular. ♦ 

Cor. Hence either fegment of the bafe is bad thus ; 
To the fq^uare of the adjoining fijje add the fquare 
of the bafe, from which fubtraft-the fquare of the 
oppofuc fide i and then divide by twice the bafe. 

P R O B. 
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Fig. 

* . P R O B. XVII. 

?(9 find the circmference of a circle ^ from the H* 
mneter. 

f RULE. 

Say as 7 to 22, fo the diameter to the circum- 
. '' ference. 

# 1 Or more exaaij. 

As 113 to 355» fo the diameter to the circum* 
ference. 

3 Or thus. 

Multiply the diameter by 3. 14169 the produ^ 
b the circumference. 

Examp. 

Suppofe the diameter ie 32. 

Or thus. 

: 22 : : 32 : 3.1416 

22 32 



64 
64 



7-)704C^oo.6 



62832 
94248 

mmmmmmmmmmimm 
100.5312 



J By the Sliding Rule. 

Set 7 on A, to 22 on B» then againft the dui- 
meter (3 2 ) on A, is the circumference ( 100.6) on B. 

2 Or thus. i 

Set I on A, to 3.14 on B ; then againft the di** 
ameter (32^ on A» ftands (1 00.6) the circumfb^ 
rcnce on B. 



PROB. 



p. 11. LINES. €$ 

P R O B. XVIIL 

To find the diametsr of a circle from tbi circunfi^ 

fehci. 

I. R U L £• 

Say as 22 to 7^ or as 355 to 11^, or as 3^415 
to 1 5 lb the circumference to the diameter* a^^) 

2. Or thus. 

Multiply the circumference by .3183, the pro* 
^uft is the diameter, 

Examp. 

Suppofe the circumference he 50. 

50 

, 22)250(15.91 the circumference^ 
22 

130 
110 . 

200 

198 [ ■' 



By the Rule. 

Set 2i on A, to ^ on B^ and againft the circum^ 
fercnce (50; on A, is the diameter (15.9) on B, 



P R O B. 
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MEASURING 

P R O B, XIX, 

Tbt kaf& and-bfeigbt of the figment of a circle being 
given 'p to find the diameter* 

RULE. 

As he^W'of the fegmcnt DF : 

to half the chord or bafe AF or FB : : 

So the fame half : 

t^ a: fourth GE -, 
then this fourth proportional. GF, addisd to this 
height of the fegment FD^ gives the diameter GD. 

Escamp:. 

Suppofe DF 2 feet ; AF, 3. Then 2 : 3 : : 3 : ^ 
= 4i = FG, then adding DF, we have GD 67. 

P R O Bi XX. 

Having the radius of a circle •, to find the fide of a 
regular poUgon infcribed in it. 

RULE. 

Multiply the given radius, 
by the multiplier, over againft 
the number of fides in this 
table ; the product is the fide 
of the poligon. 



Ex. I. 

Suppofe the radius ofacitck 
5, *what is the fide of an in- 
fcribed equilateral triangle ? 

5 
8«.66o25 Anf. 



Nomb. 

of fides. 



3 

4 

5 
6 

7 
8 

9 
10 

II 

12 



Multipliers. 



1.732051 
1.414214 

1.175570 
1.000000 

0.867767 

•765367 
.684040 

.618034 

-5^3465 
'5^7^3^ 



E%. 
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p. II. L I N E S. .^7 

Ex. 3> 

]/ the radius of a circle he 315* what is tbejid* 
oj utt infiribed oSi^on f 

.76536 
3^5 



38^2680 
229668 



231.08840 Anfwei*. 
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P R OB. XXI. 

!?*<?/«</ /-&« kng^h of the arch of a clrcU^ ADB, 
hy having the chord AB. 

I RULE 

Divide the chord AB into four equri parts, and x^* , 
fe;t; ope part from B to E, upon the arch j akid finpm 
A to H upon the chord; and drsw HEi ^thea 
aH^E js the length of the arch ADB, the lefler feg« 
ment. n 

2. Othermfi, 

Make arch AD =r DB, and draw the chord AD % 
then »AD~AB _ j^^^^^ ^£ ^^^ ^^.^j^ ^^^ 

3 

3. Otberwife, ^ .,. . 

Make AD == DB» aiid draw the diameter DFG. 

Then ^^""'*^P^ X AB = length of the arch 
DG — .82DF ^ 

ADB. 

Nolij if the arch is neater than a femicircle } 
find the length of half of it by this rule, and dou- 
ble it. , 

^ 4 -tj . 



• -.•*-' 



68 MEASURING 

•Fig. This Prop, may more eafily be refolved, by put- 
1 2. ting a ftring round ADB, and then mcafuring the 
"ring. 

Exdfnpm 
Suppofe AB ^tf 7i DF, 2. Then by Prob. i8. 

DG =.^, ' 



.i6 

2 


8.125 
•32 


8.125 
J. 640 


.32=.i6DF 


7.805 

7 


6.485 


.82 
2 


^.485)54635(8.42 
51880 


i.64=:.82DF 


2751 
2594 


# 



So the length of ADB is 8.42. 16 1 

PROB. XXII. 

To find the length of the quadrant of a circle^ AB. 

RULE. 

i^. Divide the feinicircle AGC into three equal parts 
at G, H ; which is done by fetting CO trom C to 
H, and from A to G ; and draw BG, BH. Make 
DF =: DE ; then BF is equal to the quadrant B A 
orBC. 

Or thus. 

i| the chord AB = quadrant AIB, 

Examp, 

Let the radius AO he z<i\ gji 

Then by, Prob. 14, AB is 4.245 "^O^ 



9)4-34(.47 
64 



Tt^^ quad. AIB. s^^^^ 



4.24 
•47 



W.l 







p. II. L I N E 3. 



P R O B. XXIII. 

To find the periphery of an eWpfis, 

I. R U L E. 

Multiply half the fum of the tranfverfe and con* 
jugate diameters, by 3. 141 6 ^ the produd is the 
periphery. 

.^. Or thus. 

To twice the tranfverfe add I7 the conjugate for 
the periphery. , 

Let the tranfverfe be 3, and the conjugate 2. 

Otbermfe, 

Then ly x 2 = 2t = 2.285 [ 3 

6. 2 



^9 ^ 



Anf: 8.28 



a: 



1570*' 
Anf. 7.8540 



• / 



Ej 



PART 



Fig- [ 70 J 



^^mm 
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PART fll. 

77>e Mea/uring of Areas and Bur faces* 



^-»^P*wiii"^p-w^ 



if.M 



P R O B. I. 

Tojlnd the area $f a triangle ABC, • 

I R U L E. 

ULTIPLY the bafe AB, by the perpen. 
dicular CD, half the produ6l is the area. 



t. Or thus. 

• ^ 

Take half the fum of the three fides, axid fubtra£t 
each fide from it ; then multiply that half fum and 
theie three remainders together ^ the fquare root of 
|he laft prod}i(^ is the are4. 

3. Or thus. 

Find the nat. fine of the angle A» and multiply 
that fine, and the fides AC, and AB, together ; 
half the laft produ6t is the area. Or elfe vie loga- 
rithms. 

If CD be not perpendicular, but drawn to make 
any angle you will at D. Then add the logarithms 
of AB, CD, and fine <;D, together; abate 10. 
Then find the number belonging \ half of it is the 



Examp. 
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Fig. 

£xamp. I ^^ 

Tie hji AB is Z4^ tie perpendicular CS>y 13. i£. 

12 

*3 
156 

J5x the Ibtk. 

Set I on A, ta half the bafe f 12) on B ; then 
againft the perpendicular (13) on A* is the content 
(156) on B. 

p R o B. n. 

T$ find the area of afquare ABCD. 

RULE. 

Multiply ^y fide by itfelf ; the produft is the i 6. 
area. This is called iquaring the fide AB. 

Exatttp» 
Sufpofe thejide of tbefquare 83 incbes. 



Anf. 529 



By tie Rgk. 

Set I on A, to the fide 23 on B^ then againft 
23 on A|is die area 529 on B. 

E 4 P R O B. 



7a MEASURING OF 

Fig^ 

P R O B. III. 

To find fbe area of a right angled parallelogram 
ABCD. 

RULE. 

I J. Multiply the longer fide by the fliortcr 5 the prcH 
duift is the area, 

Examp^ 

Suppofe the fides 16 and 35, 

3. 
I 



2IQ 

35 



560 area. 

By the Rule. 

Set r on A to the length {^S) ^^ ^ > ^"^ againft 
the breadth o^ A (|6)» is the area (5^0) on B. 

Scholium. 

To find the niim^)er of tile^ to cover a houfe. 

Find the fquare yards in the floor or bafe, which 
miiltiply^ by 23, if a fquare roof. Or by 25 if 
ibarper ; or by 32 if true pitch. Generally a quar- 
ter of the fquare yards, fhews how many hundred 
are required, 

P R O B. IV. 

fto find the area of a Rhomhoides^ or oblique Pa^ 
rallelogramy ABOD. 

RULE. 

J 8. Multiply the length DO or AB, by the breadth, 
or perpendicular AE j the produdl is the area. 

Examp. 
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• Sxamp. in, 

fbe len^h AB 27 /«/, /-&* ^M<i>i& AE 18. 

18 



2l6 

Z7 



' 486. area. , 

f II , ■■■■■ ■ 

i[y /i&tf Rule. 

Set I on A^ to the length (27)- on B 5 then a- 
gainft the breadth (18) on A, is the content (486) 

onB. • 

P R O B- V. 

^ofind the area of a Trapezoid ABCD. 

R U L4E/ 

Multiply the fum of the parallel fides AB, DC, ,^^ 
by the perpendicular diftance between them AE s 
half the produft is the area or content. 

Ex. 

Suppose the length AB 3o/«/, DC 37 j and the 
headtb AE 18 i to^nd the area, 

.30 87 

57 »8 

87 6^6 

2)1566. 

783 area. 



^i^iimmn'^'^ 



£y 
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Fiff. 
^ By the Rule. 

Set I pn A, to half the fum of the parailel fides 

(43t^ on B; and againft the breadth (\%) on A» 

is the area (y^z) ^^ B* 

P R OB. VI. 

31? find the area of a Trapezium ABCD. . 

RULE. 

xg. Meafure the dk^onal AC, and the perpendiculars 
20. thereon BE, DF. Then tnvkiplf the diagonal, b^ 

the fum of thefe perpendicijdftrs i h^Jf the prp4vft 

is the area» 

Be. 

AC = 28 





BE 


= «3 




DF 


= «5 






38 






a8 






J ^ ' 

304 
76 

1064 




Area, 


53* 



By the Rule. 

Set I on A to 28 on B, then againft 19 ("half 
of 38^ on A, is the content ("532) on B. 



PROB. 
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Fig* 

P R O B. yii. 

f 

To find the content of any irregidar plain figure. 

RULE.' 

Divide it into triangles and trapezia, by diagp* 2i» 
nal lines. And meafure all t;jiefe tiiapgle^ ^d tra- 
pezia feparately, by the former Rules ; and the fum 
of them a|l is the area or CQnt^t. 

If any fide be crooked^ draw a ftreight line, that 
fiiall leave as much out, as it takes in. ^ 

In the figure annext, there are eight fides, and 
, it is . divided into two trapezi'ufns, ABQH, af^ 
' BDEC i and two triangles BCCl, GEF. In the fra- 
pezium ABGH, AG = 12,' 81'=: 4, Hit = 4.25 ; 
In the trapezium BDEG, GD = "1 67,9^! =8.t),EN 
= 5.y. In the triangle BCD, BD i= ibj, CQ = 
4.71. In the triangle GEFj GE =; 12,36, LF 
=: Z'15' 

BI = 4. BM = 8.6 
HK = 4.25» EN = 5.7 

8.25. 14.3, then by Logarithms, 



A 



tAG, 
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6 


0.77815 




per. 8.25 


0.91645 




49-5 


1.59460 


49-5 
ri9.4 


Ms 


0.92168 


24.72 


>i!r. 14.3 


'■'5533 


Z0.0S 


115.4, 


. 2,07701 


213.70 


5-«i. 


0.72015 


whole area. 




4-7' 


0.67302 




24.72 


••393 '7 




6.18 


0.79098 




3»5 


0.51188 




20.08 


1.302S6 





P R O B. VIII. 

"ofad the area of a r^ular Peli^on^ 

I. R U L E. 
re the perpendicular dtftance CP from the 
f the Bgure to one fide AG. 
multiply the perpendicular CP by the cir- 
icc of the poligon ABD£FG -, half the 
.3 the area. 



J. Olhtr- 



p. Ill- 



SURFACES. 



2. Other wife. 

Multiply the given fide of 
the poligon by itfelf*^ and then 
by the multiplier over againft 
the number of fides, in this| 
Table; the produft is the 
area^ 

Examp. 

Let the fide of a hexagon he 
12 inches. 



number I 
of fides. 



Fig. 



12 
.12 

12 

144 



2.598 
144 
■ ■ ■ I 

10392 
10392 

*598 



area, 374.112 



3 
4 

5 

6 

7 
8 

9 
10 

II 

12 



Multiphci-s. 



2a» 



0.4330*3 
1 .000000 

1.720477 

2/598076 

3633912 

4.828427 

6.181824 

7.6942b9 
9.365640 
11.196152 . 



By the Rule. 

Set I on A to 144 on B, and againft 2.6 on A 
is the area 374 on JBL / 

P R O B. IX. 
To find the area of a circle ABCD. 

I. R U L E. 

Multiply half the circumference ABCD, by half H 
the diameter AC 5 and the produdl is the area. 

2. Or thus. 

Make as 14 to 11 5 fo the fquare of the diame- 
ter AC, to the area. 

3. C* 



•y 



y K 
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S3-' 3- Orfbus. 

Multiply the fquarc of the diameter by .7^54, 
the produdl ds the a^. 

4. Or thus. 

Say as 88 to 7t fo the fquarc of the circunifg^ 
.refnc'e^ to th^ area. 

5. Or tbui. 

Muitiply the fq^re of the circumfcreiice tJy 
.07958 5 the pipdua is the^area. 

Ypu may ufe any^ one of thefe rules, a<fc6riling 
as the data happens 'to be. - 

Ex. I. 

Let the diameter be 26, tafind the area^ 

26 .7854^ 

^ 26 6f6 

156 47«24 

52 5498 



676 



471 



530.93 area. 



1. By the Rule. 

Set 14 on A, to 11 on B; then againft the 
fquarc of the diameter on A {6y6)^ is the area on 

2. OrtbusljibeRute. 

. Set I on D, to .785 on C ; then againft the 
opfet 1. 1 3 on p, to* I on C; y diameter (26) 
or fet I i on D, to gs on C ; C on D, 
or^fet 8 on D, to 50 on C A is the area (531) 
QT^ fet 1 2 on D, to 1 13 on C J -^ on C. 

Ex. 
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Sii0ofe the ctrctmferenie be- ^^ what- is' the- area? 
5. .0796 

5 25 



• ft • »« * • 



2^' 3980 



ii9900, or 2 tht anqa. 

Sk*8&'on A*, to f on ^,' and agamff'the fquarc 
. of the^cifcumfcfenceY25) ori*A, is the area ( i .99) 

4. Or thus by the Rale. 

Set 10 on D, to 7.96 on C ; ^ then againft the 
brfet'it.j'Ort I3j to 10 onCSjr circurtifei-encc 
pr fet 5 on P, to 2 on C ; r (5) on D, is the 
or fet II on D, to 9;& on C ; ) area (1.99) on C. 

Gor. Th) meafuri tW area of a ring-ar annuhis. 

1. RULE. 

Find the areas of thie- outer and inner circles, and 
their difference is the area of the annulus. 

2. Of thus. 

Multiply the fum of the diameters by their dif* 
ference, and the product b^ -^^5A* 

S c H o L. 

Thi reafon of thefe different procefles is found- 
ed on this, that the diamecer is to the circumfe- 
rence, as I to 3.1416, or nearly as 7 to 22; and 
the fquare of the diameter to the area, as i to 

3,1416 



8o MEASURING OF 

Fifr 3i£4£2 Qp ^j^854 j that is nearly as 14 to 1 1. Like- 

*3- 4 

wife the fquare of the circumference, to the area i 

is as I to .07958, or as 22 X 22 to jLO: — , or as 

4 
22 X 4 to 7, or 88 to 7* And upon the rule, the 

numbers on C are as the fquares of the num bers 

on D* Therefore it will be, 1* : .785 : : 1.13* : i 
: : 1 1* : 95 : : 8* : 50, which are all in the fame pro- 
portion. For the fame reaibn, i* : .0796 : : 11.3* 
: lo : : 5* : 2 : : 1 1* : 9.6, arc in the fame propor- 
tion, nearly. 

Likewife in the fquare which is ec^ual to the cir- 
cle, whofe diameter is i, the fide is .886227 = 

VC7854. And the fide of the infcribed fquare is 

•707107 = yi. 

Alfo in the circle whole circumference is i, the 
diameter is .318210 = j and the area 

.079577 =:=======r 5 and the fide of the equal 

iquare, is .282095 =: ' — - — ^. And fide of the 

3-1416 

infcribed fquare is .225070 = 7^7 ^^/^ 

Whence as 7 to 11, fo the infcribed fquare to 
the circle's area. 

P R O B. X. 

. Thfind the area of ibefeBor of a circle ADC* 

RULE. 

2 Multiply the arch AD by the radius AC, and 
*' half the produft ^ the area. 

Ex. 
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Ex. ^^^ 

Let tbt. i'adius AC te lo, 4ttd the arch AD 7. 
10 

7 . ' ' • 

2)70(35 area. 

P R D B. XL 

Xofind the area of thefegment of a ctrcU^ ADB. 

I R U L E. 

Multiply the bafe AB by the height DE^, and 
\ the produffc is the area, when the height is fmall \ 
or \ the product, if near a femicircle. 

2. Otherwife. 

Let DE be the height, and AE w EB half the 
bafe 5 then multiply the iquare of DE, by .392, 
to which add the fquare of AE. Extract. the fquare 
root of the fum, which multiply by 4: DE, for the 
area. 

3. Otherwife. 

Let D be the vertex, and draw the chord AD ; 
to the fquare of AB, add the fquare of DE, ex- 
tract the fquare root of the fum ; to twice that 
fquare root add AD, which multiply by ^DE for 
(he area. 

4. Oiberwife. 

' Find d the diameter, then jo^— 39DE ^ AD X 

iQd — 3DE 

JL DE, is equal to the area. 
15 



5. Other^ 
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F«- 5. Otberwife. 

Find d the diameter, then ^^,^^^ X ^AB x 

^d — 4DE 

DE = the area of the fcgment. 

Note^ a zone adjoining to the center may be 

found by this Rule, by fubtrafting the fegment 

from the femicircle. 

6. Otberwife. 

4AD + 3 AB ^ »DE=areaof the fegment ADB- 

5 
Note J the i , and 5th Rules, will alfo find the 

area of an elliptic fegment. 

7. Or thus. 

LetDI = IE, thcn^L+i^ X4DE=aita 

3 

of the fegment. 

8. Or thus. 
Let arch AD + AE =:^, arch AD — AE = j. 

Then ^XP^^+|><^^: = area of the fegment 

Examp. 

Let tie hafe AB he 32, chord AD 20, height DE 
12: ^hen by the 6tb tvay^ 
20 32 la 

4 3 a 

« 

80 96 3)24^8 

8p 



•— 35.2 

5)176(35-2 8 



281.6 the area. 



When the. fegment is greater than a femicircle, 
findfthe lefler fegment, which fubtrad from the 
wholcpirclc, - FkOB. 



f . 
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Fig. 
P R O B. XII. 

7 •find the area of an ellipjis ACBD. 

R U L F • 

Multiply the tranfverfe AB by the conjugate axis g; - 
CD ; and the produft by .7854, for the area. 
F6r aft elliptic fegment, fee the laft Problem. 

Example. 
Suppofe the tranfverfe 3^ 32, and the conjugate 24. 



32 


.7854 


24 


768 


128 


62832 


64 


47124 


• _ 


54978 


768 






603.1872 area. 



By the Rule. . ^ 

Find a mean 27.7 bctwten 32 and 24. Then 
fct I on D to .785 on C ; and againft 27.7 on D^ 
is the content 603.. on C. 

P R O B. Xill. 

3V find the area of a Parabola ABC. 

RULE. 

A parabola is made by cutting a cone by a plane 25. 
parallel to its fide. 

Multiply the bafe AC by the height BD 5 and 4. 
that product is the area. 



K 



F 2 Examp. 
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Kg, 
25. ^amp, 

&tppefe the height BD = 100, and haft AC = 6$. 
68- ' 6600 

100 2 



6800 



3)13600^4533, the area. 



By the EmU, 
Set I on Aj, to f the height (33.3) on B, and 
againft twice the bafc ("136) on A, is the contents 
f45S3) on B- 

P R O B. XIV. 

To find thefegment AEFC of a Parahela, 



^ « 



RULE. 

EF is paralkl to AC, then ^^^ "" ^-^' v *GD 

AC* — EF» '^ 

= the area. 

Examp. 



Let AC be 12, EF 8, GD 5, io find the area. 
12 8 

12 8 



144 80)1216(15.2 . 15.8 
^4 80 5 



80 



«Mi*> 



144 64 

12 8 

1728 

5" 512 

I2l5 



1728 



416 
400 

160 
160 



76.0 

2 



50.66 are«. 



•■■•■ 



» 
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P R O B. XV. 2I' 

To meafure irregular Parallelograms^ fuch at irre- 
gidar flanksy &c, 

R U X E. 

Take the breadth m feveral equidiftant places, 
the iutn of whicb^ divide by the ntjmber of places,, 
for the mean breadth ; multiply^ the mean breadth. 
hg, the lengthy for the area. 

>' Suppcfe a plank 16 feetjcng^ and the Hreadthin^ 
feveral places 6^ fy 9, 9, 11 inches. - 

6 16 

7 ' «.4 ' 






9 

< . . •' ■> > ^ ' 

II ^ fzJ' 



Vv.r.^ 



5) 42 (t.4 mean 12)134.4(1 1.2 feet* 

'■■^ ■ breadth. — 

5y /i^ Rule. 

Having found the mean bueadth in inches \ then 
iet 1 2 on A, to the length 16 on B \ and againft ' 
the breadth 8.4 on A, is the content on B 11.2 . 
feet. 

P R O B. XVI. 
7*0 meafure any irregular figure ^ bounded ly a curve* 

I. RU L'E. 

Draw AC for the baii^ then meafore the three 26^ 
equidiftant perpendiculars A^, B^, C^v then 
A^ 4- Cr -f 4B^ ^ ^^c ^ area A«C. 

F 3 a. O/irt"-! 



26 MEASUtllNGOF 

Fig. 

2. Otherwife. 

27. Mcafure the four cquidiftant perpendiculars A^, 
B^, O, D^-, then 

' 3« Or thus more exaSlfy., • < ^ ; 

28. Meafure the .five eqyidiftant perp^n4iculv$ ha%. 
Bby Ccj Dd^ E>; then . 

7Aa + jEe + 326^ VgaP^ + i2Cf ^j^^ ^^^^^ 

90 
Aaefj J but this is troublefome to complete. 

29. And the fanJe hqldfi^ if the figure be curve 'on 
both fides ; drawing, the bafe AC thro' it* . 

4. Ofberwife. 
'20. Divide the bafe Al into any even number of e- 
qual parts, and 

Let X equal fum of the extreme ordinates A, I* 
O =z fum of all the othor odd ones, the 3d, jth, 

7th, &c. . ,. .. . 

E =t fum of all thp even ones, 2d, ^th^ 6th^ &c* 
L = length of two' of thefe equal part3« Then 

X + 2O + 4E xL.= area of the curve. Where 

for eyery tWo ordinates, from the firft; the curve 
ought to be concave the fame way. 
^* . Examp*, 

26. There is a curve line wbofe bafe is 6y feet, and"^ 
three ordinates or perpendiculars ere£led^ A^, B^, C^^ 

«r^ 35^ 40 and 2S: 

By the firft Rule. 35 223 

28 67 

40 160 — ' ■■ ■ 

4 II II 1 56 1 



— 223 1338 

160 -— — area. 

6)14941(24901. 

PROB. 
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Fig. 
, P R O 6. XVII. 

To find tbefurface of a vaulted roof^ being like the 
0rcb of a. bridge. . 

• : . RULE. 

, . . . ' 

: Meafure the length of the curve of the ifcrch by 
a ftring or otherwife ; then multiply this Jeiigth of 
the arch, by the length of the vault ; the .produ^ 
is the furface. 

Examp. 

Suppofe the arch bi 30 yards^ and the length of tb9 
vault 7^. 

30- 



^ 



2IO 
15 



Surf. 225 yards. 

Cor, If the arch be afemicircle^ or any fegment of 
s circle ; its length may be found by Prob, 11. without 
meafuring. 

P R O B. XVIH. 

TV find the furface of a pyramid^ paraUelopipedon^ 
or of any f olid bounded by planes. 

R U L £• 

Meafure every particular plane fepaiately ; and 
the fum of all is the furface. 

Cor. If it he an upright prifm ; meafure the cif" 
cumference of the bafe^ which multiply by the height, 
of the f olid. , 

' F 4 PROB. 
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*' P R O B. XIX. 

To meafure tbefurface of a right cone^ or afruftum 
of U. 

RULE. 

31. Multiply the circumference of the bafe by half 
the flant fide, for the furface of the whole. 

Or multiply half the fum of the circumferences 
of the top and bot|om, by the flant fide, for the 
fruftum. 

Or tbui. 

If AB be the fide, and BC the Diameter. Then 
ts 7 : 1 1 : : AB X BC : furface of the cone. 

Example. 

Let thejide AB be 20 \ diameter BC 8. 

20 
8 

160 
II 



tm 



160 



7) ' 7^^ 
251.4 

Surface. 

P R O B, XX. 

To find tbefurface of a right cylinder^ 

I. R tJ L E. 

22, Multiply the circumference of the bafe AB by 
the height AC, for the convex furface. 

2. Or thus. 

As 7 : 22 : : AB X AC : furface* 
^ ^ r Examp. 
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Encamp* Fig? 

Let thejide CA *^ 20, diameter AB ii 3 2* 

20 
8 



160 
22 






320 
320 
" ■' ■■ ' furface. 

7) 352o(504-* 



P R B; XXL 

7(» ^</ the furface of a fpBere. 

I. ROLE, , 

Multiply die circumference of the fphcrc ABCD,| 
by the diameter AC, for the furface. 

• - 

2#, Or thus. 
Find the area of a great circle of the Iphere, ^3^ 
which multiply by 4 for the furface. 




7)1782 
254,6 furface. Ettamp^ 



9© M E A S U R I N <; O F 

Fig. 

.- p R o B. xxri. 

to find tbefurface of the figment of a fpberf. 

I. R u e:i^; 

Multiply the circumferenqe of the wkole fphere 
»*• by the height of the fegmentlCD, for its furftce. 

2. Or tiii^^ 

To the fquare oC.thif diameter^ of the bafe add 
4 times the fquare of tjie height CD j the fum mul- 
tiplied by .7854, gives thcfirfacej or 3.i4i6AC* 
= furface. 

. 3, Of4bm.:: ., 

As 7 to 22,. fo.AC* ta thp furface ACB. 

Cor. Hence if the furfaofof any zone he required^ 
work by, the firji rult^ vi4. iniUipfy the circufnference 
€f the- whole fpberey h ibe Mghi of fbe konc. 



^w 



A 'i^wik.. ••*. 



t - t 



Examt, 
Jf AC be z^fettt what a tii'e furface ACB? 

■Li ' "t \ *\ X ' . ' . 

25 . 025.,;;. • 

25 22 



• * * » 






«25 

50 



»250. V 
1250 



ft • 



r. /* 



625 7)^3750^ 19^,3 f^t. 
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P R O B. XXIII. 

• > 

^ofini the fur face of a cylindric rin^. 

I. R U L E. 

Add the thicknefs AB Id the inner diameter BD, 
which futn multiply Jby the thickneft AB^ and the 
produft by 3.1416% gives the furface. 

%• Or rather thus. 
The furface = AB' X AD x 9.87. 

3. Or thus. 

Frotn loABx Ai), fubtraft 7V P^rt thereof, for 
the furface. 

Examp. 

Let A3 he j, AD 12, ; 

' ' " '. ... 

12 9.87 



Fig.- 

Z5' 



i» 



la 



. . «. \ 



1574 
9^7 



1 1 8;.44 furfacfe. 



.Mv 









di 
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P R O B. XXIV. 

: ; •. 'To find the furface of afpHeroiL 

I. R U L E. 

Multiply the two axes AB CD together, and .36. 
that prdduit by 3. 141 6 for the furface of an oblong , 
fpheroid. 

2. Or 
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36. *• Or thus. 

To twice the tranlverfe (or axis of revolution) 
add the conjugate diameter, multiply the fum by 
t the conjugate ; and the produd by 3.1416 gives 
the furface. ' ' 

3: Otberwife. * 

Meafure the circumferences about AB and CD, 
which call P and Q. Then as 22 :• 7 : : P x Q [ ' 
furface of the fphcroid j • whick is a fmkll matter 
too big, when the diameters AB, CD, are veryua- 
ctjual. ..-;.. 

Let. AD be 10, CD 7. ^> r '.. 
10 3-Hifi .- -J 

7 7P 



^ V 



70 a 1 9.9 1 20 or 2 2o the luffacc. 

PRO B. XXV. ' 

Ttf find the furface of attf folii CAD, generated 
iy revolving ahout the ami AB. : 

RULE. 

37* Take with a ftring the len^ of the arch CA 
or AD ; and divide the ftring into 3 equal parts at 
'» / i apply the ftring again to the curve, and mark 
where the points ^, /, fall : take the diameters there, 

which call P and Q, then CD + 3P + gQT j^ 

8 
3.14^6 hfeQ = furface. 

NoUy If the curve docs not come to the axis at 
A, you muft take it^ diameter there, and add it to 
CD. 



If 



\j 



ii 
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If the .body he very teng, divide if into two orFig. 
more parts, and meafurc each part fcparatcly, by 37. 
this Rule. 

Suppcfe the three diameters at C, e and f ; that is 
CD, P and (X to be 12, 10, 7 -, and the length 4f 
the curve A/^> ^5- 

lo 7 12 
3 3 30 



30 21 



21 
63 



3.1416 




63 






197.94 


94248^ 


»5 


188496 


— — .- 




98960 


197.9208 


19792 


8) 2968.80 




371.10 


« 


Surface. 



S C H O L. 

Any proportion on the lines A and B on the 
Aiding rule, may be wrought on Gunter's line, with 
a pair of compafles ; by extending from the firft 
term to the fecond ; and fetting that extent the 
fame way, from the third to the fourth. 

Ory extending from the firft to the third ; and 
fetting that extent from the fecond to the fourth. 

Mjo^ any of thefe proportions, which are wrought 
on the lines D and C, may be wrought ontJunter's 
jine with compafles, thus. Extend from the firft . 
term to the third ; and fet twice that extent (the 
fame way) from the fecond term, and it will rea^ch 
to the fourth. 

iixamp. If the diameter of a circle he 26 (Ex. i > 
Prob. IX,); extend from it to 26, and that ex- 
tent 



p4 M E A S U R I N G, 8cc. 

Fig. tent (turned twice over) will reach from 95 to the 
^y, area 531. 

And the fame rule holds good for folids, by the 
proportions laid down in the foUbwing parts of this 
Jbook. 

Alfo if the diameter or fide of a fblid is known^ 
and its content ; the content of any other fimilar 
folid may be found ^ whofe diameter or fide is gi- 
ven. Thus 

£xtend from the known ^de to the given fide, 
and thrice that extent will reach from the known^ 
content to the content required. 



PART 
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: Ti^ Meafitring of Solids, 
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P R O B. I. 

To find the, fotidity rf a Cuh AfiCD. 

RULE. 

MULTIPLY the fide AB by itfelf, and tkt jSw 
product by the fame fide again ; and the laflf 
produ£t is the folid content^ in the fame fort of mea- 
fure. ^ 

TKis is called cubing the fide AB. 

Examp. - 

Suppofe the fide AB, be two feet two inches. 
2 f . 2 in. z: 2.166 feet. 



2.166^ 


4.691 
.2.166 

• • 


12996 
12996 
2166 


28146 
• 28146" 


4332 . 
4.691556 


4691 

9i82 .. 

10.160706 
10.16 feet. 


or 



I, Hf 
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jfj I. By the Rule. 

Set I upon D, to the Bic {2«i6^J on Cs an4 
agaihfl: the fide (2.166) on D» is the content on C 
(10.16) feet, being the lame fort of meafure. 

2/ Or tbus^ hy the Rule. 
Set 12 upon D, to the height in feet (2.16) on 
C ; and againft the fide in inches (26) on D, is the 
content in feet (10.16) on C# 

P R OB. II. 

To find the content of a fquare prifm^ or paralklo- 
fipedon with afquare bafe^ ABCD. 

R U JL £• 

40. Square the fide AB for the area of the bafe^ 
which multiply hy the height, gives the foUdity. 

Examp. 

Suppofe the bafe 2 feet 6 inches, and the height 
19 feet. 

2f. 6 in. = 2.5 6.25 

1.5 19 

125 5625 

50 625 

bafe 6. 2 5 1*8.75 content. 



■. 



I. By the Rule. 

Set I upon D, to the height (ig) upon Q and 
againft the fide of the bafe (2^^ upon D, is the 
content (1 1 8.7) upon C, in the fame meafures. 

2. Or 
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2. O tbttSy iy the Rult. **^ ' 

Set 13 Upon Di to the height iii feet (tp^ Upon 
C, and steainft the 0de of the baie in incnes {^o) 
upon D, IS the content in feet (118.7) upon C. 

p R o a. ni. 

To Jind tie Jblu^ty of airjfirt dfprifiHt A^CV' 

RULE. 

Find the area of the bafe ABj, by fome of t!ic 41 j 
Problems in Part III. then multiply that bafe by 42, 
the height AC, gives the folid Content. 

Let the hfi AB, 3^ 4.65 /rr/, and beigbt AC 25 
feet, 

4.65 

2325 

930 



MHiH.Maiatadta 



11(5.25 feet» 

Set I upon A, to die bafe (4.65) upon B ; theil 
4gainft the length (25) on A, is the content on B 
(116^9 in thefanie fort of meafure. 

2. Or thus J hy the Rule. 

Sec 144 upon At to the bafe in inched (^^9i) 
on B, then againft the length (25) in feet on A^ is 
the content in feet on B f 1 16)* 

G PROB. 



^ p^, ^i^ 
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PR OB. rv. 



• t 

^0 find the fotid content of a cylinder, ABCD. 

RULE. 

ng^ Find the area of the bafe AB or DC, by Prob. 9.^ 
* Part I IL then multiply that bafe by the he^gltf AD, 
for the content. 

Examp. u * 

Let tjje diatMter of a tyUnder be 14 inches^ - and the 
height 5 feet. 

I4in, = 1.166+ .785 1.067 

f.167 ^ 1.36 5 

8162 47»o 5.335 content. 

6gg6 2355 -, 

n66 , 785 



1 166 



1.360722 



1.06760 baiie. 



«P 



1. By the Rule. 

Set 1. 1 3 upon D, to the height (5) upon C, and 
againft the diameter (i,i 66) on D, is the content 
(5.33) on C, in the lame meafure. 

, ' 2. Or thus J by the $uk. 

Take f the circumference for the girt. Then fet 
.886 on D, to the height (5) on C; then againft 
the girt (.917) onD, is the content (5-33) on C; 
in the fame meafure. 

For here the diameter being 14 incheis the clr- 
:€umfercnce.is 44, and the girt n or .917 feet.. , 



3. Or 
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3. Or tbus^ hy the Rule. *|' 

Set 3 ,54 upon D, to the height (5) on C 5 aftd 
agatdft the circumference (^3.66) on D# ia the con** 
tent (5*33) on C ; in the fame meafure. 

i Ex. 2., 

^here is a cylinder wbofe beigbl is 40/^/, and <//- 
ameter 30 inches^ or circumference 94*25 xnr^&^j j /i> 
jfarf /i&^ content infect. 

join. =c: 2,5 f* *7854 4.908 

2.5 6.25 40 

„ .1-1 M ■ ., 

125 47*24 196.320 content. 

50 ^Sl^ 



■>! » > I 



6.25 



39* 



\ .t 



4.9087 



4. hy the Rule. 

' Set 1 3.54 on D, to the height in feet (40) drt C ; 
and againft the diameter in inches (30) on D, id 
the content in feet (196*3) on C* 

5* Or thus^ by th^ Ruk^ 

Take ^ the circu reference in inches for the girc. 
Then fct 10*62 on D, to the height in feet (40; on 
C% and againft the girt in inches (2^.5^ on Dj is 
the content in feet (196.3) ort C 

6. Or tbUs^ hy tbe Rule. 

Set 42.54 on D, to the height in feet C40) on C j 
and againft the circumference in inches C94.25) on 
D, is the content in feet (196-3^ on C. 

G 2 ScMtl 



tod 

Fig; 

39- 
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Scholium. 



' I 



1 



Obfcrvc here, that .886227 is the fgu^rc root- c^ 
the area of a circle whofc diameter is i = V^.7854. 

And .282095 is the fide of a iqiiare, equal to a 
circle^ whofe circumference is 1. 

And 3.5450 — \ ■ = ^'It^ f and is the 



43 



.282095 .8862 
circumference of a circle, whofe area is i. 
And 10.63472 it the fide of a fquare, equal to a 

circle, whofe diametcris 12 inches =v/.7854XJ44 
s 12 X .886227. 
And 42^538896 rr 4x10.634724 z= i2X3-545^* 

And 13.54055 = 4^*530 9 ^ and is the diame- 

3,i4i6 

ter of a circle, whofe area is 144, and therefore ia 

•8»62' 
And 1.128381 is the diameter of a circle, whofo 

P R O B. V, 

To find the cantcftt of a cone or, pyramid ADB. 

RULE. 

Measure the bafe, then multiply the bafe by one 



44- third of the hdght DC ^ or cUc^mihiply the bafe 
by the height, and. take f the produ6*t, for, thp,. 
content. 1 \ \'^.l 



^ > « « 



..) 



Mmnj^. 



* 



t 
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^ife^^ /J tf r^fftf er pyramid wb0fc,keigbt DC /X 60, 44; 
dndhafe 51^ to find the content. '^ 

20 _6a . ;- 

1020 content 3)30j5o 

~-^ I020 content, i 



By the Rule. 

Set I on A, to f tlie height (20) on B 5 sldA^: 
gainft the bafe (51) pn A>| is the content (lO'ii)) 
on B. 

P R O B, VI. 



V 



To fin^ the content of the ftU^m of a cone or fy^ 
ramid AD^ 

!• R U L E 

Find the areas of the two bafes, at top and bot- a^ 
torn AB, CD, and the height PQ 5 c^l the bafes ^^ 

Band^. Then Lili+i/5* X POz: content. 

3 

That is, niultiply the two bafes together, and ex- 
tract like fquare rqot; to die (um m die. bafes add^ 
this fquare root, and multiply the third part there- 
of by the height. 

2. Qrtbuf. 

For a fquare pyramid, to th€ rc3angfe, of the 
fides of the two bafes, add i th^ (quare of th^ dif- 
ference ; the fum multiplied by the height, giVea 
the folidity of the fruftiim. 

In a cone ufe the diameters. inftead of the (ides ; 
and the laft product muft l^e multiplied by .7854,. 
for the fruftum^ 

G 3 3, Oibtfr: 



tot MEAS;URING OF -^^'^ 

^f^ . ' 3. Otberwife. 

46, In a fquare pyramid, let D, J, be the t\At^ of 

the bafcs, or diameters in a cbae. Th^n ■ ■ '~, ; 

X t the height, =z content of the fquare fruftum ; 
which fruftum muft be multiplied by ,7854^ for the 
' content of th<? conic, fnjftum, 

Examp. 

Suppofe the gr safer diameier 36 j the lejfer %j^ and 
the height 24. - 

36 36 972 13976 the fquare fruftum, 
a; 27 27 -7854 



V- 



352 9 999 167832 
72 9 24 19181 

1198 



I ■ ■» 



972 3)8iC27 3996 95 

1998 -**— — 

^ 18830 6 the 

23976 conic fruftum. 



f ' II 



P R O B. VII. 
^0 find the content cf a Prifmcid or Pyramidoid 

GE, . : 

47* This is a folid whofe fides are. ftreight, and the 
two bafes parallel, but not fimilar figures ; whf n 
. they are poligons, *tis called a Prifmoid^ or Pyra^ 
tnidoid ; but if they are ellipfes, *tis called a Cylin- 
droid. For this fOlid, when the bafcs are rcdangles, 
or ellipfes, 

RULE, 

To the bottom length (BE), add half the top 
length (AD^ ; and multiply the fum by the bottom 
breadth (BC;, for the firft produft, 

Tq 
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To the top length ^ADj, add half the bottom Fig^ 
length (BE J, and multiply tlie lum by the top 47J 
b^feadth CApJj for the fecond projduft. ,. . ., .' 
' M'uJlipIy the fum of thefe produ£ls by'-J- the 
i^eight ^ALr) for the content. - : - i 

* 'When the body is a cylindroid, witfi elliptic 
bore's' i you muft ufe the diameters in ftead of the 
ftdes parallel to them ; and compute the folidity as 
before; and then multiply the laft produft by 
.7.854, and it gives the content of the infcribedcy- 
liftdrbid. 

When the bafes are poligons, you may ufe the 
jprft tulc m the laft Problem. 

Examp. 
' There is a fquare prifmoid^ wbofe dimenjions art 
BE =: 40, AD = 36, CB = 3^, AG = 12 i and 
beigbl AL — 28. 

i8 20 672 

58 56 2528 
32 12 9^ 

1 16 112 22752 
174 56 842 



s - 
T 



1856 6yz 23594^ content. 

But for the infcribed cylindroid, 
multiply by .7854. 23594*6 

.7854 



*• 



- 1 651626 

188757 
11797 

943 



Concent, 18531.23 ^ ^„. :„ 
G 4 P R O B. 
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^; PROR VIII. 

^' To find the content of any un^uhp or hoof of a cone. 

This ij a Tolid made by cutting the fhifttitn of a 
cone, by a plane paning through it diagonally, or 
touching the tw^o oppoute bafts, oA contrary fidci. 

I. RULE- 

MeafUre the diameter of the bafe AB| and the 
conjugate diameter lO, of the ellipfis AICO; alCo 
the height CD. Then divide the difference of the 
cubes of AB, lO, by the difference of their fquares ; 
and multiply the quotient by ♦7854AB Xt CD, 
for the content of either ungula, 

l^ote^ if ^ be q: th e diame ter that Is wanting \ 

then you may take v^ABx</ i^ftead of 10. 

2. Or thus. 
Let diameter AB =: b^ conjug. diameter IO=:f, 

Then f^t^'^'' ^ X :2l54 j^^ i, tj»* ^o„, 

tent. ^W . 

v^^ ^ ? K7^ '^•'' /^= jir^, yi '^1 
/m' ^ r ^ --r /^ nr o^'^^-hCi -^n^ 



e 



000. 0~ -r^^/ 
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i- ■^^?"- 48. 

,^ii^^.AB f.6, 109, CD 12$ to Jini the (onteni. 49. 



16 
16 



9 
9 



16 
9 



96 Si 144 
16 — 81 

556 



t "' 



. J 



.6156 
3078 



wm 



tmm^^ 



3)3693-6 

1231.2 



i««Mi 



481 

307.8 

12 1231.2 



481 

21886 
.481 

25)769€(307.8 
75 



• f 



156- 
175 

21 



.7854 

861-84 *-— 

9849 
• 6if 

966:97 the content. 






J» ROO B. IX. 

STi^ meafurc irregular parallelopipedcns^ fucb as 
pieces of timber^ &c. - 

. I, RULE- 

Girt it about in the middle with a firing, and 
ineafcTre it, and take a quarter of the girt in inches 
for the fide of the fquare ^ therrforc fquarc it, and 
ithen multiply it by the length of the body 5 the 
produft is the content. 

2# Otbtrwife. 

If the body isvery irregular, divide it into two 
or more parts, and mcafyre each part feparatcly, 
by this rule. Or 



f 
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Fig< Or elfe, gird it in feveral cquidiftant places, and 
add all the girths together, and divide the futn by 
the number of places, for the girt ; then proceed 
as before. 

N(ite^ if the gii*t be taken in inches, and the 
length in feet, ,the laft procfuS, divided by 144, 
gives the contept in. feet, 

Examp. 

A piece of wood is 1 8 feet lopg^ and the girt round 
about the middle^ is 66 inches ^ /^ find the content in 
eet. _ 

A quarter of the girt is 1 6t for the fide of the 
fquare. 

16.5 272.25 

16.5 .18. 

825 217800 , 

990 i7^^5 .. 



165 



1 44)4960.50^24*02 feet, .. 



272.25 432 



• • • 



w . 



580 

400 



3. Oibenoife bf afoNe. 

From this table, take the area Correfponding to 
the fide of the fquare in inches ; and multipfy it 
by the length in feet for the coptent. If the fide 
of the fquare exceed the table, take half of it 5 
and at laft, take four times the content found. 



Arable 
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Side 
fqaare 



Inch. 
6 

6^ 



7 

7i 

7i 



8i 



9 

9i 
9t 

94 



lO 



It 

lit 

I It 
«I4 



S O LI D S. 



Arable for meafuring ffood. 



Area. 



Feet. 
250 
272 
294 

3'7 



340 
364 

390 

4'7 



444 
472 

501 
53^ 



562 

594 
626 

659 



Side 
fquare 



Inch. 
2 

2t 



694 

766 
803 



840 
878 
918 

Q«?0 



Area. 



3i 



3 

3- 

3i 

34 



4^ 
4t 
44 
44 



54 
54 



6 

64 

64 

64 



7 

74 
74 

74 



Feet. 
.000 
.042 
.085 
.129 



.174 
.219 
.265 

•3'3 



6ide I 



fquare 



I Area, 



(nch. 
184 

'9 

»5r4 



.361 
.410 
.460 
.511 



.562 
.615 

.668 
.722 



•777 

•833 
.890 

948 



J 



2.006 
2.066 
2.126 
2.187 



20 
aof 
21 
2I-J- 



22 

22t 

23 

23i 



24 

24t 

25' 

25t 



26 

26t 

27. 

«7i- 



Feet. . 

2.250 
2.376 
2.506 
2.640 



2.7/7 
2.917 
3.062 
3.209 



3-^62 

3-^73 
3-835 



4.000 
4.16J 

4'34C> 1 
4.516 



28 

28t 
29 

2 of 



4' 69 A 
4.876 
5.062 

5-^52 



5-444 
5.640 

5.84Q 
6044 




30 I 6.250 



5/1 
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35 //>5r^ 



JOB M E A; S U Jl I N G F H .<i 

%-J :.••:,•.- • -•;.• ■: ^^^ ■ •■•o.,:..r,ur. 

xJf.f fiece of wood ie 1 8 feet long^ anS 1 6^. i^J^k^k 
dj^uartcr of mgirt^ as before. , , .^, ;'' 



t^tpmmm 



I5I20. 

34,0:20 the content as Wfbnc. 

■II — ^ . . « . 

I . By ^^^ Sliding RuU. 

; Mcafarc the circumfefenee ki the middle, imd. 

tjtke a quarter of it in incHea,- and call it the girt.. 

Xhcn fet 12 on D, to the length in feet (i 8JI oa 

C ; cbcn againft the girt in iochea ( 1 6^) on D^ h 

the GOfitent on C (34.) feet. 

n.'OrlbuSj by the Ruk, > 

Tsuke a auartcr of the cifcumfercnce, or the girt 
in feet, which hene is i.;375 ; then. 

Set 4 upon'D, to the length (1%) upon C; and 
againft the girt (1.37) in feet on D, is the content 
(34) upon C. 

N^ity thefc are tiic feme rules,- as given in 
Prob. II. 

S C M O L. 

This 1^ the common method of mcafuring wood* 
as prafikifed in all raff- yards, uking a quarter xJH ] 
the tiircumfcrence in the middle, for the Iide of th€( 
fquai*e. Biit it is objtfted, that it makes the con- 
tent' too little in proportion as 14 to if -, and that ' 
' it ought to be mcalured as a cylinder. But to this ' 
it is anfwered, that before the wood can be fquared 
and made fitfor ufe, a ^tzt part of k goes to waftle ' 
in-tSips } and therefore tfte quantity of rdund tirftb^i^' 

'. ought 



P,1V. '' ' 5 :Q i* -i D J5.1 ^ io^ 

ought to be reckoned i^o taprc than what the in-Figi' 
fcribcd fauare will ajnount to, whieh fliould be jc- 
dtacc^ in^A^ pro^ttrtloii, ' that h as 1 1 to f^ ^mch 
is more than 14 to 7. ' Another objeAioh'i!r,ti!ia£ 
in tapering timber, taking the fid* of * the fquare 
in the middle of the piece, mikes the content aHb 
too little. But to this it is anfwcrcd, that in moft 
cafes, the great end is to be ciit awiy, till it be of 
the lame dimenfions as the leffer end j or elfe 
it cannot be fawn into proper ftuff; smd upon that 
account taking the fquare in the middle makes too 
much of it. 

On the otfier hand, when fquare timber is mea- 
fured, if one fide of the fquare is greater than the 
other, a quarter of the girt will make too much of 
it i 6> that this Rule will in fome cafes gixrc too * 
mxicb, and in others too little, by an intonfide^a-^ 
bie quantity ; and thereftH-e may pafs well enough^ 
in common ufe. But if a round piece of 'wood H to " 
be meafured, every inch of which may be made ufe of, 
then I think it ought to be meafiired as a cylinder* 
or elfe as the firuftutn of a cone, if it he upctB%, 
accoiding to the Rules in Frob. 4th a&d 6th« ni 

i 

P R O B. X. ^^ 

* 

fo mafure a beqp of fandy or eartb*^ a pond of 

RULE. 

Take the depth of it, in ieveral places, at equal 
difi;an6eS) as near as you can; add ail che^ depths- . 
together, and divide by tho miMnber of them i tiic 
quotient is the mean depth*. Then firyd the are^,.. 
of the bafe oa which it;ftands,, which mqltiply by ., 
the mean depth$ and the proc}^^^ 1<^ the.CQintcni. ^ ., 

If it bappeuj that the h€;apTis (o folkj,. tfew the . 
dfpth, c-arnio^- ^be takes, 4r^>?? a ftripg over the 
top of itj pars^lcl.sq the^baCb, a^d floeaiure; the^. 
, height 
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Fig. height of it above the bafe, for the greateft 
depth of the heap* Then take fcveral equi- 
diftant places upon the ftring, and meafure from 
the ftring plumb down to the heap; then did^ 
being fubtraded from the greatefi: depth, give the 
depth in thefe feveral places. Then put the ftring 
into a new pofition (or elfe draw another ftring a- 
crofa it), and take equal diftancca, and meafUre as 
before j and repeat the fame, as oft as need be j 
till you get a fufficient number of depths thro* the 
whole heap -, all which muft be fet down and fub- 
tratted from the greateft depth as before. And 
then you may apply the rule at firft given. 

Note^ you may fometimes reduce the heap into 
fome fort of a regular body, which will facilitate 
the mcafuring. 

Examp. 



There is a heap of ftones, whofe 
bafe is 1 5 yards ; the greateft depth 
3, and the depth from lines drawn 
over it, taken jin 9 places, are as in 
the table. 






3- 


2t 


0-5 


2 


•I 


1 


2 


It 


i'5 


2 


I 


I 


2 


2t 


0.5 


Xt 


«.5 




13.0 



9 

36 - 



1.44 

720 
144 

content, 2 1.60 yards. 



^ n ii w 



PRO B. 



s o i: ' I D s. 



% ^ 



P,IV. I 

S^JbJ tbefoMty of atrf of the fiv9. regular fitids^^ 

from a^dt being given. 



i» R O Bi XI. 






•,'.t 



■AMHMMa 



»» i:. • 



i.RULE. ' 

' Mult^ly the cube of 
the given fide, by ihe 
number ftandtng againll 
the^name of the body in 
this Table •, the produft 
is the folid content. 



Tetraedron 
or Pyramid. 



■ w ^ 



Hexedron, 

or Cube. 



Oftaedron. 



Dodecaedron, 



- ' '1. ^ - ■ - 

Icofaedron. 2.i8i6di5i 

' — " — — — 



.1178511 



I.OOOQOO 



■*^ 



,4714045 



7.663.1 1 88 



2. Or thus. 

Multiply the fqrface of the body by 4- of thq 
diftance of two oppofite faces, when they are pa- 
rallel. 

Examp. 

fbe fi^e of an OSlaedron is 2, y. 

•47H 
i 27 



32998 
9428 



12.7278 content. 



"^ 



PROB. 
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F* N 

® P R O B. 301. 

to find the content of anjf irregular boif hounded iy 
fUneu 

RULE* 

Stippofe It ^ivkied wW prilms and pyramids i 
then metfarc all thefe feparatcly, and the fum of 
aJLLis the content. 

56. '^^ ^^ AHFD is divided itito five paits^ by 
* planes dravrn parallel to the fides« There is i. The 
paralleiopipedon KHGLNFIO. 2. The triangular 
prifmAHKOIB. 3. ThetriangulafprifmEFNOIC. 
4. The fquare pyramid IBDCO. 5. The prifm 
GPF. And each of thefe may be computed by 
the foregoing Problems^ and the fum will be the 
whole content. Part of this foUd may be meafured 
by Prob. VIL But when they are compounded 

they cannot, but muft be cut in pieces, liKe this. 

< 

PROB. XIU. 

To find the «mteut of a cyGtiJric ritig. 

t 

RULE. 

35. To the thicknefs of the ring, AB, add the in- 

, ner diameter BD 5 multiply the fucn by the area 

of the fcftion AB, and the produft by 3. 1416 gives 

the folidity. 



Examp. 



1 

'i 

p. IV. so L I. D s,: : 113 • 

Examp. Fig. : 

Let AB the thicknefs ^^ 13, BD the inner diameter 35- 
157* fO'find thefolid toMent BAED. . ■ 

157 .7854 

13 169 

170 ' 70686 

- ■4.7124 - 

13 .V . •.■)7854 

..f3-.. 



V » - - 4. 



( «> • 



area, 132.7326 

39 '70 
13 — — 

9^912820 

22564.54I2O 
-' ~\ 3.1416 

225645 

9Q258 

2256 

1353 . 
: if ontent, 70888.74 



.'^ 



^^ R O B. XIV. 

ToMd thefolidity of tifphm or globe ^ ABCD; 

I. R U L E. 

Multiply Its furface by the radius AO- ' the??.' 
produa is the folidity. , '^ ^^ 



2. Otleheiftt 



Say as 21 to 11, fo the cube of the diameter 
to the content : which is nearly as a to i. 

H 3. Other- 
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2*. .3- Otberipifi. 

Multiply the cube of the diaroeter by .52 3^ ^ 
.the produft is the folidity. 

4, Or thus. 

Multiply the cube of the circumference by .0169; 
and you have the cpntent. 

5. Or thus. 

» 

Find the are^ of a great circle of the ipherey 
and multiply it by \ of the diameter. 

Suppofe the diameter of a globe is 16 in^be^y ^ cir^ 
iumference 50.3. 

16 256 4096 21)45056(2 1 45t content. 
16 i6 II 42 



% • • 



^6 1536 4096 30 
16 256 4096 _l2 

— -— 95 

356 4096 45056 84 

IX ri 



*9* 



I. jBy the Rule. 

Set 1.38 on D, to the diameter (16) on C, and 
againft the diameter (16) on D, is the content 
(2 140) on C, in the fame meafure. 



(C^^40fC% 



> n. Or 



MV. SOLIDS. itj; 

2. Or tbusy by the Rule. sT. 

Set 5^.4 on D^ to the diameter in inches (16) 
on C ; and againft the diameter (16) in inches, is 
the content (1.24) in feet. 

. 3. Or thiSj by the Rule. 

Set 7.7 on D, to the circumference (5t>* 3) on C, • 
and againft (50.3) oh D, is the content (2x40) on 
C, in the fame meafure. 

4. Or ibusy iy the Rule. 

Set. 320 on D, to the cirtumference in inches 
(50,3) on C, and againft the circumference (50«3) 
on D^ is ehc coment in feet {i.t/^) on C. 

Cor. To find the foltdity of an Orh 
This is only finding the folidities of the two 
iphereSy and fubtradtlhg the inner from the outer. 

Scholium. 

• 

The number .523^9 is the folid content of a 
fphere, whofe diameter is c . 

And .0169 isrthe content, when the circumfe* 
rence is i. . 

Andi.38i9z: / — \ — , 

^ -52359 

And57.44i.= /222^. . 

^ -52359 



And 7.602 q rr ' / — — • 
^ ^ ^ s/ .0169 



*' 
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51. P R O B. XV. 

^ofind the content of thefegment of afpbere ADB^ 

!• R U L £• 

To thrice the fquare of the bafe AB, add four 
times the fquare of the height DC, divide the fum 
by 6 s multiply the quotient by the height DC, 
fend the produft by .7854 for the folidity. This 
holds for either fegment ADB or ANB. 

a* Otberwife. 

From fix times the diameter DN, fubtrafk four 
times the .height DC ; multiply 4- of the remainder 
by the fquare of the height DC, and tha:^ product 
by .7854, for the content ; for either fegmer^, ADB 
or ANB. 

3. Otberwife. 

4^ bafe X height = content, but lels exaA. 
This feryes only for the lefler fegment* 

Eofamp. 
Let AB ^^ 28 incbes^ and tbe beigbt CD, fii. 

By Logarithms* 
28 1.447158 2352 ' 
28 1.447*5^ 169 

3 0.477^2^ — " 

2521 3.401573 

235^ 3-37H37 6.5 0.812913 

— rrr .7854,-1.895091 

6.^ 0.812913 , — » J 

6.5 0.812913 . 4«i09577 

4 0.602060 6, 0.778151 

169 2.227886 2i45» 3-33Hg6 

Content. 

P R O B. 



p. IV. 



S O L I D S. 



P R O B. XVI. 



■ *i7 

■ Fig. 

52' 



To find tbefoUdity of anyfpherical Fruftum or ZoWy 

BACD. 

4 

I. R U L E. 

To the fum of the fquares o£ the diameters of 
the bafes, AB» CD j add ^ the' fquare of the height 
AL ; multiply the fum by half the height AL,,. 
and the produft by •78.5+ gives the content. 

2. Or thus. 

Multiply half the fum of the fauares of bafes. 
AB, CD, by the height AL, to which add \ the 
cube of AL: and multiply the whole by ^7854 foe 
the content^. • » 

Examp. 

Let AB be 24, CD 42, and (be height AL 2 u 
24 '42 21 441 

24 42 21 4 



96 

48 



84. 



576 1764 



1 1 ■■ » 



2C 

4^ 


3)17^4 
588 


441 




57^ 
1764 

588 ■ 





Log: 2928, SA^^ST^^ 

Logt^AL, 10.5 1.021189 
Log:. 7854 — - 1.89509 1 






Content, 24147 



4.382851 



H3 



PROB. 
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53- PRO fi. XVII. 

r<? find tbefolidity of a Spheroid ACBD. 

RULE. 

Multiply the fquare of the diameter of the fphe- 
roid AB, by { the axis CD ; the produd multi' 
ply'd. by .7854 gives the folidity. , 

. Examp. 
Let the diameter AB be 34, and axis CD 60, 
Log: AB 34 1.53 1479 
Log: 34 1.53 H79 
Log : \CD^ 40 1.602060 
Log: .78.54 1.895091 

Content 36317, —4.560109 



^p» 



P R O B. XVIII, 

7$ find the folid content of the fegment of a Spheroid 
ADB. 

I. R U L E. 

^ , Multiply twice the fquare of the. conjugate dia- 
^ * meter, by the height or the fegment, apd divide 
the produft by the tranfverfe diameter 5 to this quo- 
tient, add the fquare of the diameter of the bafe ; . 
and multiply the fum by ^ the height, and then by 
,7854, for thp content. 

z. Or tbus^ 
Let ir be the tranfverfe, B the bafe of the feg* 

ment, h the height ; then ^f"^ X i^b = folid 

content* 

. . That 
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That is, fubtraft the height of the fegment fromPig. 
^ the itranlVerfe axis, by this multiply the fquare 
of the diameter of the bafe, for a dividend. Sub- 
traflr the height from the tranfverfe, for a divifor. 
Multiply the quotient by ^ xht height, and then by 

3'. Otherwife^ 

"V^hen you hkve not the tranfverfe and corijugate-5 J*^ 
diameters 5 multiply the area of the bafe by ^r ^^ 
the height, for thfc content of the leflfer fegment, 

Examps 

Let the axis be 364^ the conjugate i8, the bafe 
AB 14, and height CD 64. 

iS 36.66)42 1 2;o (114.9^ ^73*4 

18 ^6666 .7854 

— ~ 14 

144 5454 H 47138 

18 z^^ — 7*^ 5387 



337 
324 1788 ^^ . 27 

2 1466 




648 322 , ,. ,;^. content. 

^ 324 3)3 ^^^ — — — ^ 

io3.d 

3888 6i 

_ 6216 

4212 5'8 

"" ^73-4 



mmi^mmammL 
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Fig. 

PROS. XIX. 

^QJind the content of tbefrujtum or middle zone of a 
Spberoidt adjoining to the center. 

RULE. 

-.- To twice the fquare of the diameter of the 

^* greater end CD, add the fquare of the diameter of 

the lefler end AB ; multiply the . fum by f the 

height AF \ and the product by .7854 for the 

content. 

Examp. 

Sufpofe the hafe CD 18, AB 14, height EF la. 
1 8 i'4 844 
18 14 4 = 4 height, 

U4 56 337^ 

18 -14 -^r^ 

324 ; 196 
2 648 

648 .844 

Log : 3376 ' 3-528402 
Log : .7854 —1,895091 



Content 26514, —3.423493 



mmmmmitmmi^m 
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Fig- 
PR O B. XX. 56. 

To meafure a Paraboloid^ or parabolic Conoid ACB* 

I. R U L E. 

This is generated by a parabola revolving round 
its axis CD» ' 

Multiply the fqUarc of the diameter of the bafe 
AB, by half the height CD r and the produd: by 

•7854 for. the content. 

^ — • . . • 

2. Or thus. 
Multiply the area! of the bafe by half the height. 

Example. 

Let the diameter of the bqfe AB be 32, and height 
CD 22.85. 

Log : 32 — 1.505150 

Log: 32 — 1.505150 

Log : t height 11.42, 1.057666 

.7894 — 1.895091 

Content 91 84I, , Z-S^zosj 
By the Rule. 

Set 1. 1 3 on D, to half tke height (11.4) on C; 
and againft the diameter (32) on D, is the content 
(9180) on C. 

P R O B. XXI. 

To meafure thefruflum of a Paraboloid^ AEFB. 

RULE. 

Add the fquares of the diameters of the bafes 
together ; multiply the fum by half the height, and 
the produft by ..7 8 54 for the content.- 

. '. Examp0 
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fg JDCMHp. 

Suppofe the greater diameter 32, the Met EF 25. 
4md heigbt OE 8. * 

32 26 67^ g^QJ, 

64 156 1700 47124 

36 5* 4 — xhei^t. 6283 

1024 676 6800 5340.7 content. 



P R O R XXIL 

^0 meafuu a.paroMic Spindle ABD» 

R;ULE. 

Multiply the fquare of the diameter AB, by ^ 
'7' the length CD, and the produd by .7854 for the 
folidity. 

Noiej This is formed by revolving about the or- 
dinate CD of a parabola. 

Exiipfp. 
Let the hafe AB be 24, the height CD 37.52. 

Log : AB 24 1.3802 n 

Log:AB24 1.380211 

Log: .7854 —1. 895091 

Log : 8t 0.903090 

Log • 37-52 1-574263. 



Log: 15 


5.132866 
I.I76O9I 




Ciantent-9053, 


Z'95^775 






, 


P R B. 



'> 
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Fig. 
P R O B. XXIIL 57- 

To meafure thefri^^um af a parabolic Spindk AEFB. 

RULE. 

To 8 times, the fquare of the greater diameter 
AB, add 3 times the fquare of the leffer diameter 
EF, and 4 tipies the produft of the two diameters 
AB, EF; Multiply the fum by -^ the length ELj ^ 
and that produ6t by .7854, for the content. 

Examp. 
JJt AB be 24, EF 17, and bdigbt EL 2q^ 
24. 17 24 4608 

24 17 17 867 

T- -— • -— 1632 

?6 119 168 — 
17 24 7107 

5^6 289 408 
8 3 4 



■■iaW* 



4608 867 1632 



♦■ 



L:7i07 3.85168 

L : 20 1.30I03 

L : .7854 -^ 1.89509 

■■ ■ ' ■ 

5.04780 
L : 15 1. 17609 



•J^mmmm 



Content,, 744»t» 3.8 71 71 



PR OB. 
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•Fig. 
58. P R O B. XXIV. 

To find the conteat »f a Hyper boloidy or hyperhoR-' 
tal Cottoidj ACB. 

« / 

A hyperboloid is generated by a hyperboU ACB, 
revolving about its axis CD ; and the hyperbola is 
one of the Conic Seftions ; to meafure it, 

I. R U L E. 

Let a = tranfverfe axis, round which it revolves i 
h rz height ; B iz area of the bafe% 

Then 3^+ ^^ x B& = folid content. That is^ 
6a T^- ob 

To 3 timqs the tranfverfe, add twice the height 
of the folid \ multiply this into the fquare of the 
diameter of the bafe, which multiply by the height,, 
and then by^.7854 ; r^fcrve the product for a divi- 
dend. To 6 times the tranfverfe add 6 times tha 
height, for a divifor j the quotient is the content. 

2." Qr'tbus. 

When you know not the tranfverfe i multiply 
the iquare of the diameter of the bafe by ^^ ^^^ 
height, and then by .7854, for the content^ 
nearly* 



Examp. 
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Examp. §\ 

Let the tranfverfe be 20, the height CD of the ' ^^' 
r^Ud 6y the diameter ABy the bafe g. 

?o 60 9 . . 5832 :► 

3 . 12 9. 6 , , , 

60 72 81 . 156)34992(224.3 

~rj:, ^^ , /3'^---7854 ... ' 

.. * l^^, 1 ; .379. 1^701 
— 567 . 3«2 1794 

12 ■'■' " . ._— — --H2 

» V,' • 



5832 , . ■672. .9 
20 — — . 624 ^j- c 

6 6 ■— ^^'^^ 



48 



content 



120 36 



If the content be found by the other rule, Ic 
comes out only 159. 

* . • 

Cor. If thefrujium of a hyperboloid was required^ 
it may * be meafured, as the fruftum of a cone. For 
in mojl cafes it differs fo little from it^ that the one i 
may he taken for the , other ^ there being no fenfible 
difference. 

y 

S C H O L. 

If both the tranfverfe and conjugate axes of the 
hyperboloid were given ; the folidity may be found 
by the very fame rule, as for that of the fegment 
of a fpheroid, in Prob. i8 -, which is Rule i. 

PROB. 
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Fig: 

59. PROS. XXV. 

^0 find the foUd content of a circular fpindlt ABD, 
«r Us frufium ■« which is a folid generated by the feg- 
ment of a circle^ revolving about the bafe CO. 

RULE. 

4 

Let D = diameter of the circle AF ; d —- MG, 
the top diameter of the fruftum -, x = height PC 5 
A =: arch AM; b zz BF^' the difference between 
the diameter AF and bafe AB. 

Thenj^xDD— 4^jcx +lfxd9f + DA : x .7854, 
is the folid content ; according as AB is lefler or 
greater than AP. That is, 

From the iquare of the diameter of the circle, 
fubtrafl: ^ the iquare of the fruftum*s height ; which 
multiply by the height, and referve the produft. 

Then multiply the top diameter by the height ; 
alfo multiply the diameter of the circle, by the 
arch } and add it to the former ; and multiply the 
fum, by the difference between the diameter and 
bafe ; fubtradl: this produA from the firff: prod\7£):» 
when the bafe of the fruftum is lefs than the 
diameter of the circle •, or add it, when greater ; 
and multiply the refulc by .7854. 

When the whole fpindle is required, the part At 
^ nothing. 

And the part MDG may be fotmd, by fubtraft* 
ing AMGB from the whole. 



Mxamft 



n 
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IM thtJUa^eier AF H «o, AB 13, MG 16, 

CP 5.26; : . . 

From the radius and height CP being given, the 
length of MA will be found 5.54 = A. 
D z: 2Q X £: 5.26 17.667 400 ' 

«o 5.26 f, 9.222 36.89 



»— *• 



400 3156 36.8% 363.11 

2630 



27.6676 



■ ■II 




i Prod. 1909.95 



$c = 5,26, A = 5.54 1909.9 

dzz ID D =: 20 1*43.8 

5^-6 II0.8 766.1 
52*6 -7854 



T-^ 



__ J^3-4. 53627 

— ~ 383 

H43.8 30 



^»«iW 



Content, 601.69 

S c H o i. 

If y ou defire t o know the furface of this folid. 

It is Dx + * A X 3.1416 = furface of the fruf- 
tum AMGB, according as AB is Icflcr or greater 
than AF. 
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Kg. 
60. - P R O B. XXVL 

^ To Jind the folidity of any body CH, generatid ly 
revolving about an axis. 

I. RULE. 

Take the diameters of the body, at both ends,-. 
and in the middle of the height, as at A, B and I ; 
and let them be CD, GH and EF.- Then — - 
CD'4-,GH- + 4EP ^ ,^„g^h :^B ^ .7854,: is.the 

folid cofttent. 
' , ' 2. Or thus. - /• 

Find the area of the Seftion, at the to^ bottom, 
and middle, which let be A, B", and I. Then 

A 4- B -4- Ul ' 
, ■ T X AB the length, is the content. 

If the body be long, divide it rnto tw6 or more 
parts, and rneafure each part .by the J&)regoiag 
rules ; and thi: fum of them .gives the folid ^con- 
tent. 

3. Otberwife. 

Si. If the body be fuch as you Can fee it on all fides, 
and at any diftance ; cut a paper, as agbh^ into the 
apparent form of the body ; and holding it di- 
reftly between your eye and the body AGH ; clip 
away any fuperfluous parts, from the fides of the 
paper, till it juft cover the body, and their edges 
coincide. Then if the bafe or height GH or AB, 
be meafured', and the bafe or height gb ov ab of 
your paper be made the fame, by a proper fcale ; 
then you may find as many diameters, on your 
paper, as you will, by the fame fcale,. From 
whence, by the former rules', you may find the fo- 
lidity of the body generated by your paper fcheme, * 
which will be the fame as that of the great body ; 

as 
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as they are fimilar folids. And thus fuch a body Fig* 

as a hay ftack may be meafured. 60. 

' 61. 

Examf* 

Suppofe the diameters CD, EF, and GH, be found 
to be 12, 24^9^30, and height AB 32. 

12 24 30 576 .7854 

12 24 30 , • 4 630 



i*fa 



144 g6 '900 2304 235620 
•— — 48 — — 900 47124 

57^ • . 

576, * 494.8020 

'i« 6)3780 ■■■ ■ 

630 
494.8 

9896 
14844 

15833.6 content. 

P R O B. XXVIII. 

^0 find the content of a very irregular body. 

I. RULE. 

Procure a prifmatic or cylindric veflel that will 
hold the body. Put in the body, and pour in wa- 
ter to cover it ; make a mark at top or the water, 
and then take out the body -, and obferve how far 
the water has defcended ; meaCure that fpace of the 
veflel correfpondent to that defcent ; and you have 
theTolidity of the body. If the veflel will not hold 
water, you may ufe fand inftead of water. 

I And 



,30 M E A S U R I N G, &c. 

Fig. And thus a fragment or parcel of a body may be 
meafured without dividitig it from the whole ; and 
that by immerling only the fragment, and taking 
it out again, meafure the defcent of the water, as 
before. 

Or if your veffel be irregular, fill It with water, 
then put in your body ; and weigh the water that 
runs over. Whence the content of the water, or 
of the body, will be found, by the nibles of fpe- 
cific gravity before given. 

2. Otberwife. 

Find what a cubic inch or a cubic foot of the 
fame matter weighs, either by trials, or from the 
tables of fpecific gravity. Then weigh the irregu- 
lar body, and its content will be known, bectuie 
the fblidities are as the weights. For if you divide 
the "weight of the body by the weight of an inch 
or foot, the quotient will be the foUdity in inches 
or feet. "" 
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PARTY. 

GAUGING. 






GAUGING is a branch of meafuring folids* 
and teadhes how to find the contents of all 
forts of veffeh, if! gallons, or fome meafure of ca- 
pacity. Aiid this differs from other kinds of niea- 
luringj where the meafures may be taken, and con- 
tents given in feet, yards, 6cC^ But here the mca-* 
fures are always taken in inches, or at leaft muft 
be reduced to inches, and the contents given in gal* 
Ions; for which purpofe, certain fixt numbers are 
made.ufe of to facilitate the computation, as will 
be Ihewn afterwards. Biit in the gauging of maltg 
the content muft be had in bufbels. 

And in finding the areas of all pkne furfaces in 

taugidg, their contents are alfo cj^prefled in gallons 1 
ecaufe in the bufmefs of gauging, every area oi' 
furfaoe is fuppofed to be one inch deep^ and there- 
fore in the Gauger's language, the arei of luch a 
fquare, or fuch a circle, is To many gallons. Fof 
there Will be the fame number of fuperficial inches 
in any plane figure, as there will be folid inches of 
one inch depth ; fo that what is called a furface in 
gauging, is in reality a folid, whofe height is one 
inch. , 

As^the flidittg rule is of great fervice in the art 
of gauging, and yery much ufed.j I (hall here de- 
feribe the principal parts of it, as it differs froirt 
the other iort, defcnbed in the fecond Fan. 

I 2 0/ 
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Fig. y 

Of the Sliding Rule. 

• 

The Gauger's Sliding Rule differs in many things 
from that before defcribed, called CogihaPs Sliding 
Rule. Upon this rule there are alfo three double 
lines of numbers, called A, B, C ; and a fingle 
line called D ; this line is marked from the begin- 
ning 1,2,3, &c. to 10 at the end. And there 
is alfo a triple line of numbers called E, for ex- 
crafting the cube root, &c. All theie lines begin 
and end together. They ^ork by the means of 
three Aiders, moving in three faces of the rule. 
And thefe lines are logarithmic lines, fince they all 
anfwer to multiplication and divifion. Each part 
of the line E is a third part of the corrcfpondent 
diftance on D. 

There is a line marked MD, (malt deptb)^ the 
lame with A or B, but inverted -, it begins at 2 1.5, 
and ends at 2.15'. This line is alfo logarithmical; 
Its ufe is for gauging malt. Here 2 150.4. on MD 
is oppofite to I on B ; and i on MD is oppofite to 
2150.4 on B or A, at a point marked MB. 

On the other fide, by the line of inches, are 3 
varieties of calks ; the ufe of 'thefe, is to find a 
mean diameter, to reduce the cafk to a cylinder. 
The pradice is thus \ take the difference of the head 
and bung diameters, and find it in the fcale of 
inches, and againft it (in the proper variety) you 
will have a number, to be added to the head dia- 
meter, for the mean diameter. 

On the infide of the Aiders are placed two lines, 
one numbered from 1 3 to 1 6, the other from .42 
to 3.61 gallons ; and ferves to fiiew the area in ale 
gallons, for any diameter. The ufe is this \ one 
Aider is to be pinned faff at the end towards the 
right hand ; and the other Aider is drawn out, till 
the two ends touch the oppofite fides of the tub \ 

thea 
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then the divifions, cut by the end of the rule, Fig, 
Ihew the diameter on one line ; and the area in gal- 
lons, on the other. When the diameter is more 
than 24t, draw out the other Aider, which will fhew 
the like. 

On another fide of the rule is a Aider, with a 
Jine of numbers C, like A and B, againft which 
are two lines SL (fegments lying)^ and SS {fegments 
Jianding) ; thefe are for finding the ullage of a caflc 
in ale. The ufe of thefe lines is this. Find the 
bung diameter when the caft lies, or the length 
when it ftands. Then 

Set the bung diameter on C, to lob on SL for 
a lying caAc j or fet the length on C, to too on SS 
for a ftanding caAc ; and againft the wet inches on 

C, is a fegment on SL, or SS. 

Then fee i oo on A, to the caAcs content on B ; 
and againft t)iat fegment 6n A, is the ullage (or li- 
quor in the caAc) on B. 

» On the line D, are feveral marks, which Aiew 
the gauge points 5 as WG {wine gallons)^ AG {ale 
gallons)^ MS {mali fquare), MR {malt round). What 
thefe are, and where to be placed, will be fiiewn in 
the firft Prob. 

On the plane fide of the rule, there arc feyeral 
lines, as one 'marked FM {foot meafure\ where a 
foot is divided into 100 parts. And another mark- 
ed IM {inch meafure) being a fcale of inches. And 
another marked FC {fruftum of a cone)^ which ferves 
to meafure it;s content. 

To extras the cube root by the rule. Set the lines 

D, E, even ; that is, i againft i •,. then againft the 
given number on E, is the cube root on D. 

There is a line on the gauging rod, called the dia- 
gonal liney for finding the content of a caAc ; which 
is thus. Put the rod into the bung hole, to either 
oppofite angle ; and mark the number at the middle 
of the bung hole, foi that is the content of the caAc. 

I 3 PROB. 
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fig. 

P R O B. I. 

^0 find proper ^uUiptiirs^ Mvifors^ and gauge points^ 

« 

J. por fquau figuris. 

Since 28^ inches make an ale gallon, 231 inches 
a wine gallon, and 2150.4 inches a malt bufhel, 
therefore when the content of any figure or veffel 
is had in inches; 282, 231, and 2150.4 will be 
the divifors, for reducing it to aligaU$ns^ vnn^gal* 
lons^ or malt bujhels refpedtively. 

But if inftead of thefe divifors, you would chu^ 
to have multipliers •, then thefe will be had by di- 
viding i with a number of cyphers, by ^82, 231, 
pihd 2150.4 refpeftively. Thus 

282)i.opooooC.oo3546i for ate gallons^ 
231)1 .oojoao(,oo43289 /^r wine gallons. 
2 i50.4)i.oQooo(.ooo465i f^r mast iufiels^ 
The gauge points for iquare figures are no more 
fhan the fquare roots of 282, 231, and 2150.4; 
which gauge points arc therefore the fide of a fcjuare, 
whoie area is a gallon or bufliel. 
^282 i: 16 79 ale gallon. 
\/%%\ = ^S*^^ wine gallon, 
v/2i50*4 =;= 46'37« Wtnchefior hufiol^ ' 
For the fecond gauge points for fquares, muUU 
ply (or divide) the former gauge points by tho 
fquare root of 10, or 3.162, or thus, 
v/2820 = 53»»o fecond GP for ale. s 
v/2 310 = 48..06 fecond G P for wine. 
v/215.04 =r 1 4-66 fecond GP for male iufikels. 
AH gauge points are the fifft terms of ^ny propoFv 
cion upon the Jines D and C j and thele fecond 
^augc points ferve, when the terms run off the 
lines. 

For the numbers on D, being as the fquare roots 
of thofe OQ C ; the variation of 10 on C, wiU caufe 

^ vari- 
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a variation of the gauge point on D, equal to thcFigi 
fquare root of i o. A nd there muft be fuch a va- 
riation on C| to bring any number upon another 

radius. 

a. For circular figur is. 

Since .7854, multiplied by the fquare of the di* 
ameter, \% the area of a circle in inches ; this divi- 
ded by 282, 23 1, or 2150.4, will give the content 
in aie gallons, wine gallons, ormalt bufhcls. That is 

•^. or :Z!il, or :2lil., muftb? multiplied 

282 231 2150.4 

into the fquares of the diameters. Whence the di- 
vifors will be found bjr dividing by .7854 \ 

.7854) 282 (359.05 /flrtf&jf<?/&»J. 

•7854 j 231 (294.12 for wine gallons. 

•7854) 2150.4 C2738 for mall bujbels. 
.Then the fquare of the diameter, being divided 
by any of thefe, gives the circle's area. 

But to find the multipliers ; thefe are had by di- 
viding .7854 by 282, 231, and 2150.4 refpeftively, 

282 J •7054 (.002785 for ale gallons. 

23 1) -7854 (-0034 for wine gallons. 

2150.4) .7854 ^000365 for bufhels. 

The gauge points for circles, arc the diamctera 
of fuch circles as contain fome knbwn mcafure, as 
a gallon \ as if J be the diameter, then .7854^!^ zr 

282 for ale j whence d = J^^ for ale, and fo 

^ -7854 
of the reft. Or thus, 

\/359*<^5 = 18.95 the G^ for ak. 

x/zg^. 12 = ly. 14. ihe GP for wine. 

v/2738 = 52.32 the GP for bujhels. 

The fecond gauge points are foundby multiply- 

ing Cor dividing) the former by-y/jo or 3.1621 
or thus, 

v/3590 5 = 59-92 for ale gallons. 
4^2941.2 m 54.22 for wine gallons. 
v/273.8 = 16.^^ for bujhels. 

I 4 SCHOL. 
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Fig. 

S C H O L. 

The fecond gauge points may alfo be found by 
the rule, thus. Set i upon C, to the Brft gaugp 
point upon D ; then againft i o on C, is the fecond 
gauge point required ; or elfe againft ^ upon C, 
as tV the g^uge point, which multiply by lO* 

Examp* 

Let the firft gauge, point be 1 8^95. Set i upon 
C, to 18.95 on D ; and againft ^ on C, is 5.99 
op D, which multiply by 10, gives 59.9 the fecond 
gauge point. 

P R O B. II, 

To find tht area of a fquan. 

RULE. 

'1 5. Multiply the fide A B or AD in inches, by itfclf | 
and divide the produft by the proper divifor, (in 
Frob. I.) ; or multiply it by the proper multiplier^ 

Examp^ 

Let the fide of tbefjuare be 42 inches \ to find the 
etJFea in ale. 

42 or thusy 

42 .063546 



1764 



84 i 

168 3546 

— — 2482 

Z^z) 1764(6.25 ale 212 

gallons. 1 4 



ale galL 6.254 



^ 
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By the Sliding Rule. ^^ 

Set 282 upon A to 42 upon B } then agalnfl; 42 
on A is 6.25 on B. 

P R O B. HI. 

^ojini the area of atrf Parallelogram. 

RULE, 

Multiply the length by the breadth ^^ and divide i8« 
the produft by the propqr divifor (Prob, 1.) or mul- 
tiply it by the proper multiplier. 

Exawp^ 

There is an oilong wbofe length AB is 4^, and 
headib A£ 32 ; to find the area in wine. 

48 or Sbus^ 

32 -004329 

1536 

96 

144 4329 

— — 2164 

^30 ^536(6.6^ wine 130 

gsdlons. 26 

wine gal). « 6.649 



^mm 



By tie Rule. 

Set 231 on A to the length 48 on B ; and agahift 
the breadth 32 on A, is 6.65 the area on B. 
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Fig. 
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P R O B. IV, 

Tejnd the area of a Triai^lt, ACB. 



R U L E. 

14^ Multiply the bafc by half the perMndicuJar, and 
divide by the proper divifor (Prob. I.)* or multiply 
by the proper multi^er, 

£!»amp. 

Letibsiaf0 AB h 1^4, $be firfenHmlar CD 
4^2 i to find the au^ in huJMs, 

154 cr thus. 

^31 • 3557-4 

■ "" .C00465 1 

154 ^.^— :. 

4^2 142296 

aaS 21344 



J 9" 



"50^4)5557.4(i-65 

21504 buflicls, 

14070 



35 



•^p(«»<r 



bufhels i. 65454 



^y ibt Ruk. 

Set 2 150 ofl A to the bafe 1 54 on B } and againft 
23.1 on A is the content 1.65 on B. 

P R O B. V. 

Tefi)i4 th arta »/ a Trapezium ABCP. 

RULE. 

Draw the diagonal AQ and thp two perpen- 
diculars upon it, BE, DF. Then multiply the di- 
agonal by half the fum of the perpendiculars, and 
divide by the proper divifor (Prob. I.), or multi- 
ply by tl|,e corrtfpondent multiplier. Ex. 
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Fig. 
Examp. ,^. 

Suppofe the diagonal AC 28, ifnd tUperp. BE 13, 
Md DF 24. To find the area in ale gallons. 

13 '28 cr tbusj 

24 18,5 ,003546 

~ 518 



2)37 140 ■ 

18.5 ^ 224 X7730 

« 28 354 



989) 518.0(1.84 ale 



283 



gallons. 1.8367 ' 



I'll I ' III 



By the Rule. 

Set 282 Qn A to 28 on B; and againft 18.5 oq 
A9 is the content 1.84 pn B. 

Cor. Hence the area of aftf irregular fcUgon wilt 
hi found J ty dividing it into trapeziums or triangles^ 
and meafuring each of thetn fepqratehi^ and taking tH 
Jum of them alL 

And a regular poUgoH may^ be meafured a$ a trian- 
gle j taking the circumferiuce of it for the bafe ; a»^ 
the diHance pf the center from ajffjide^ for the per-- 
pendicular. . • 

P R O B. VL 

To find the area of a Circle. 

RULE. 

Sqviare the diameter, and divide it by its proper ^J* 
diyifor (Prob. L)> or multiply by the ^orrefpon* 
dent muUiplicr. 



X. 
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If the diameter AC of a circle he 54t inches j 
what is the area in mne gallons ? 

54-5 or thus. 

5^5 2970.25 

- -0034 

^7^5 

2180 1188100 

2725 ^^oys 



^94. 1 2)2970.25(10. low, 10.008850 

gallons. w. gallons. 



mm 



U By the Rule. 

ISct 17.1405 D, to I on Cj then againft 54t 
the diameter on D, is the area lo.i . on C. 
* As the rule is thus fet, it will be a table of cir- 
cles areas, in wine gallons ; for againft any dra- 
meter on D, will be found its area on C* And 
the like for ale gallons^ ufing the proper gauge 
point* 

2. Or thuSy by the Rule. 

Set 294 on A, to the diameter 54I: on B \ and 
s^nH 544^ on A, is the area lo.i on B. 

*Cor. ThefeSlor of a circle is meafured as a trian* 
gtcy taking the arch for the bafcy and the radius for 

the perpendicular. , : 

, p R o B. vn. 

^ofind the (irea of an EllipRsy or oval figure. 

RULE. 

Multiply the .longeft and Ihorteft diameters to- 
gether, and divide the produft by the proper divi- 
for for circles (Prob. I.), or multiply by the pro- 
per niultiplicr. 

Examp. 
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Pier 

Examp. 22* 

If the greateft diameter be 36.3, the leafi 26.8 1 
Vfbat is the area in ale gallons ? 

36.3 or thus J 

26.8 •••1 

! — qyi. r^ 

2904 .002785 

217^ ^ " ' 

726 1945 

680 



359-O5>)972.84C2.709 78 

4 
ale gall. 2.707 



By the Rule. 

Set 359 on A, to 36.3 on B ; and againft 26.8 
on A, is 2.71 the content on B. 

P R O B. VIIL 

I'd find the area of the fegment of a Circle ADB« 

RULE. 

Let D be the vertex, and DE perp. to AB. Mul- ^4* 
tiply the difference between the arch AD and fine 
AE, by the radius •, alfo multiply the fine A15 by 
the height DE ; and divide the fum of the pro* 
dufts by the proper divifor for fquares (Prob. L), 
or multiply by the proper multiplier. This fervcs 
cither for the leflfer or greater legment. 

Note^ if the diameter is not known, it may be • 
found by Prob. XVIII. Part IL 



Examp 
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24, Examp. 

Sufp9f0 tbi radius Ch ^1.%^ beiibt DE 20^ Ikrci 

AD 37. sSj half tbebufi A£ 251.12. ^djhti tki 
area in ale gallons. 

37-55 29.12 crtbus. 
29.1Z, 20 

p' 845.4 

8.43 582.40 .003546 

31.2 263.01 — .^— 

— — ■ ^5362 

1686 282)845.41(3.00 ale 4227 

843 gall. 338 

25«9 ,50 
263.016 ale gall. 2.9977 



*M«» 



P R O B. IX. 

« 

^ofind tbe area of tbefegment of an EJUffu. 

RULE. 

62. Multiply the bafe AB by \ the height DE^ and 
rcfcrve the produd. Theft fuppoQng C the center 
of the ellipfis, multiply the former produd by the 
l^ight DE, and then diride by feven times the 
femidiameter DC, and add the quotient to the fiiit 
produd. Th^n divide the fum by the proper di'^ 
tifor for fquares, &c. 1 



Examp. 



.1 



■'i 
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Enamp. ^; 

Suppofe AB 30, DE 21, DC 40; tnjinithtartu 
of ADB in winegaUens. 

31 420 ' 420 

2 2« 31*5 



3)4*(i4 
30 


42a 
840 


a3045>-5(''95 vine 

galU 


420 


2^0)8820(31.^ 




40 




\ 


2801 


• 


•*N, 




P R B. 


X. 




' the arta of a Parabola or H^erhola. 




RULE. 



Multiply the bafe AB, by ^ the height DE. in 
the parabola, or by -f the height in the hyperbola ^ 
and divide by the proper divilor, for fquares, &c, 

Ex. 

In a byperhola let AB b$ 400, DE 280, i$ fini 
the OftA in malt bujbels. 

286 175 

5 400 



8;i40o(i75. 2150.4)70000(^2.55 

bufhels. 

S c H o L. 
If the area of any irregular curve is required^ it 
inuft be found by the method laid down in Prob. 

XIIL 
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Fig. XIII. Part II. and then divided by the proper di- 
62. vifor, or multiplied by the correfpondent multi- 
plier, for fquare figures. 

P R O B. XI. 

To find the content of any Prifm CB. 

RULE. 

41. Find the area of the bafe AB, by fomc of the 

42. foregoing Problems, multiply that by the perpcn- 
. dicular height, aod you have the content. 

Examp. 

There is a prifm wbofe hafe contains 5.2 1 ale gal- 
lons i and the height is 20 inches. 

5-21 

20 



104.20 ale gallons. 



By the Rule. 

Set I on A to the bafe 5.21 on B ; and againft 
the height 20 on A, is 104 the content on B, 

Or when the bafe is a fquare. 

Set the proper gauge point for fquares on D, to 
ihe height on C ; then againft the fide of the fquare 
on D, is the content on C. 

P R O B. XII. 

To find the content of a Cylinder. 

RULE. 

39; Find the ^rea of the bafe by Prob. VI. and 
multiply it by the height. 

Examp* 
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Fig. 
Example, i. -P* 

The diameter of a cylinder is 54t, and height 14 
inches -, to find the content in wine gallons. 

The bafe contains lo.i wine gallons, therefore, , . , 



lO.I 



*■■ 



404 
101 



141.4 wine gallons. 



. By the Rule. 

Set 17.14 on D, to 14 the height oh C ; and a- 
gainft the diameter 54t on D, is the content on C 
141 gallons. 

Ex. 2. 

Let the diameter of a cylinder he 40 inches^ and t hi 
depth 30 ; to find the content in ale gallons. 

By Prob. VI, the area of the bafe is 4.457 gal. 
Therefore, 

4-457 
133.7I0 ale gall. 

By the Rule. 

Set 18.94 on D, to the height 30 on C ; and 
againll the diameter 40 on D, you have the content 
134 on C» 



K PROB. 
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p R o B. xm. 

To find the content of a Pyramid^ ABD. 

RULE. 

44« Find the area of the bafe bj the foregoing Pkk- 
blems, and multiply it by -J- the height, gives the 
content. 

Exam. 

Suppofe the area of the baft 2025 inches ^ ^ .941 
hu^eU^ and htiibt 20 \ to find the content in bufbeh. 
3)20(6.66^^ ,941 

20 



i««i 



18.820 Buflicls. 



By the Rule. 

Set I upon A, to did height %o upon B } and^ 
againft the baie .94 on A, is the content i8J3 buih^ 

on B. 

Or when the bafe is a fjuare. 

Set 46.37 on D, to the height 20 on C ; and ab- 
gainil the fide of the bafe 45 on D, is the content 
18.8 on C. 

P R O B. XJV* 

33. To find the content of a cone^ fphere^ fpberoid^ fa^ 
43* raboloidf hyperboloid^ orparaboUc Spindle. 

^6. RULE. 

57*^ Find the area of the bafe or greateft circle, by 

58^ Prob. VI. in gallons, &c. Then multiply this by 

fuch a part ot the altitude as here fet down ; for 

the cone f, for the fphere and fpheroid 4^, for the 

paraboloid f, hyperboloid ^, parabolic fpindle 

vT oi (he height. 

Ex. 
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!•% 

St^ofe a paraholk ctnofd, the diameter of the hafe^^ 
iO, the heigit 26 ', to find the content in ale gallgm* 

The area of the bafc is 2.506 gal^qns, thpa 
i height x$ ' 

2500 
32.578 aie gall. 

By the Rule. 

Set. 18,95011 D, to half the height 13 on C% 
and againit the diameter 30 on D, is the content 
32.5 on C. » 

P R O B. XV. 

ffV fnd the content of tbefruftum of a fyramU^ j^g; 
jconej fpbere^ fpjberoid^ prifmoidy paraboloid^ paraboUt 46, 
&findUy or circular Spindle ^ ^ any fegment thereof. 51, 

RULE. 

Compute the contents thereof in inches, by the 
Problems in Part IV ; and divide by 282, 231, or 
2150.4, for aje gallons, wine gallons, or malt 
bufheis, refpeftivdy. 

But in circular bodies, it is better to work by 
the diameters, and the fi^t jdiyifors or jjnwltiplicrs 
for circles. 



K 2 Examf. 




'^ GAUGING 

fgC* 37w^/V a frufium of a cone wbofc beigbi is 28 

inches J and the diameter of the Jejfer bafe is 22 inches y 

of the greater 32 ; what is the content in ale gallons ? 

The area of the leflcr bafe is 379.7, and of the 

greater 804.25 \ then the mean area is 552,6^ then 

3797 X736«55 

SS"^^^ 9t 

804.25 

^ " ■ ■' ■ 1562895 

t 

]: 282^16207.80(57.47 ale 

\ .A: gallons. 






U:- 






,* 






■# 
t , 



Or thus. 

22* + 22 X 32 + 3^\g| ::^ gy^^s the content. 
359 V 

I. By the Rule. 

Find a mean diameter between 22 and 32, which 
; will te :26,5 ; then fet 18.94 on D, to the height 
^ i\. 28,on C; and againft the mean diameter 26.5 on 
. P, is the content 54.9 on C. But it will be nearer, 
if you take half the fum of the diameters for the 
mean diameter. 

2. Or rather thus. 

Set 18.95 on D, to 9^ (t the height) on C. 
and againft 22 on D, is the content on C, 12.6 
and againft 26.5 on D, is the content on C, 18.3 
and againft 32 on D, is the content on C, 26.4 

The fum is the whole content 57.3 gall. 






5 



Cor, 





A X> B A . B ' II 




\C D~B SC 






h 



■9 



BCD 



4ja -0 

I 3^*111 J p«i^ 



.pe^jr.^- MS- 



( 

( 
f 

r . 
I 
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Cor. If a fquare frttjium was propofed^ tbentheVig' 
areas of, the bafes would be twofquares, and the con- 45* 

tent is eqfily bad thus, 22^ + 22X32 + 32' y. ^^^c. 

• z= content. 

That is, to the fquares. of the bafeSj add their 
prpduft, and multiply the fum by f the height, 
which divide by 282 tor the content. 

And iq working with the rule, 16.79 ^^^^ ^^ ^^c 
gauge point for ale. 

P R O B. XVI. 

f(? gauge at^ tun or f olid body whatever^ AD. 

I. RULE. 

, Let AB be the diameter at top, CD the diame- 5^; 
ter at bottom, GHl the diameter in the middle of 
the depth EF. Then AB^ + CD^ + 4GI- ^ 

depth EF =: folid concent; and that being divided 
by the proper divifor (Prob. I.), will give the con- 
tent in gallons. 

If the veffel or tun be high, divide it into two 
or more parts, and find a middle diameter for each 
part, and compute them feparately by this rule 5 
and the fum of all is the content. 

2. Or thus. 

Begin at the bottom of the tiin CD, and divide g^^ 
the altitude FE in parts of 10 inches each ; and in 
the middle of every ten inches,, take the meafures 
of the diameters OO, LL, II, HH ; and from 
thence find all the areas in gallons, at thefe places \ 
then the fum of all thefe areas, multiplied by 10, 
will give the content. 

K c{ If 
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Fig, If any odd inches to fparc at the top, then And 
64. likewife the area at top, and multiply it by theft 
odd inches, tb be added to the former. • 

If the fcfltions of the tim are not circuhr $ then 
you muft take crofs diameters ; and take half the 
fom^ for the mfcan ; dr when the difference is great, 
multiply them t6gether, and the produft is the 
fquare of a mean diameter, to be made ufe of. 

Examp. I. 

^3. Suppofe the height of the tun EF, tc he 40 inches \ 
'^atneter AB 24, CD 52^ and the middle dimttfr 
Gl 4^ i $ofind the (onttnt in ale gallons, 

44 5» 48 576 

24 52 48 2;o4 

-— f— — — ~-^ 9216 

96 104 384 -i— iii 

48 260 152 12456 

•— — — 40 

576 4704 2304 






4 499840 
9216 



^)49984o(833o6.66 
359'05)833o6.66(232.92 gall. 



Ex- 



-, -ir 

H 
I 

i. 

3 

- 4 



I 




10 

II 

IS, 



p_ m ^^ 



^liJS'.fi*: 'SO- 



^ 



/ • 



Oi. 






w» 



>» '> * Qt 



A .V 






1. », 



^ 



i »i > i ^-^^ i * 






■■•V : \w .i^» .-. 



> V.I ' 



^ ^ ci '^ i •. ^i 






|>.V. GAUGING. 1^1 

Lei EF ie 40, CD 24^ AB 5^ ; and the diame- ^** 
/^j iaken |9/ 10 i;rri&^i diftance^ OO 30, LL 46, II 
50^ HH 51 J to find the ale gallons in it. 

30 46 50 51 900 
30 46 50 51 2116 

...*. ■ M ■ ■ I M l, I .1 2500 

900 276 2500 51 2601 

^55 * 

— — 8117 

2 1 16 2601 -— 
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Cor. 1 . If it he a copper you are gauging^ youmufi 
gauge the crown CTD, andfubtraH it Jram tbefor^ 
mer contents 

To do this, obferve, when the copper is empty, 
the (hape of the crown. If it be more curve at 
top than towards the bottom, ineafure it as a pa* 
raboloid; and its content will be had by multiply*- 
irig the bafe CD by half the height FT. 

If it have equal curvature at top and bottom, 
meafure it as the fegment of a Iphere, or take ^ 
of the bdfc, multiplied by ihe height, for the 
content. 

The like opera^ons may be performed in gaug- 
ing a ftilL 

To find the diameter and height of the crown 
CD, FT ; lay a ftreight ruler AB over the top, 
and put down another NC into the hollow at C, 
and move it till it is perpendicular as at N. Then 
meafure AN, and NC -, in like manner put down 

K 4 the 
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Fig. the rule at D, and find its diftance trom B, when 

64. plumb. Thefe two diftances from the fides A aod 

B, added together, and fubtrafted from AB, gives 

CD. Likcwifc put down a rule from E to T, and 
meafure ET^ which being lubtra&ed from NC, 
gives TF. 

When the copper is empty, if you meafure as 
much liquor into it, as will juft cover the crown, 
and note it down ; then you need not afterward 
trouble yourfelf about the ^rown, but meafure any 
part above OTO, 

. 65. Cor. 2. fFben atiy tun or veffel fiands not lever^ the 
quantity of liquor CDE, which will juft cover the hot- 
torn J muft be computedfeparately^ and is called the drip 
or fall of the tun. 

Since the depth of the part, at D is but fmall, 
it may be reckoned the hoof of a conic fruftum 5 
and fo may be meafured by Prob. VIII. Part IV. 
But an eafier way will be to meafure into the veffel 
when empty, fo much liquor as will rife to the an- 
gle C, or the line GE ; and note down the quan- 
tity. Aifo at the lame time you will find the level 

CE, which you may mark. Alfo you will find the 
depth at D, which likewife fet down, which will 
be of future fervicp. For at any time, by fetting 
a rod upright at D, you may know how deep the 
liquor is above the level CE. 

The quantity of the liquor CDE will be nearly « 
equal to half the bafe Cp x height DE,. if DE be 
perp. to CD, ^ 

Cp^* 3* ff ABCD he a cooler^ you muft find the 
true place of the dipy in order to get the depth of the 
hquor at any time. 

To do this, take ten dips in different places of 
fhe cooler, when there is but little liquor in it ; di- 
vide the fum of them by ten for the mean depth, 



• ' 
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If this is not eitaft enough, take ten more, for ano-Fig, 
ther mean depth ^ then half the funi may be taken 6$. 
for the exadl mean depth, Having the mean depth, 
find out a pHce on the fide, and mark it, where the 
depth is juft fo much, and" that wiU be the dip- 
ping place required. 

S C H O't I U M. 

For taking the dimenfions of any veflcl -, by help 
of the Aiding rule, cake crofi diameters at the wideft 
^nd ftraiteft places •, arid if they differ, take a mean 
between them ; and that is the diameter in that 
place. This muft be done at top, and bottom, and 
as many places as are neceflary, if the tun be irre- 
gular. Set the rule to the mean diameter, and find 
where that diameter agrees with the tun at that 
depth. From thefe points, at the ends of the rule, 
draw chalk lines up and down. On thefe you may 
fet any altitude, and draw crofs lines, through the 
points of divifion. 

In inching any tun, a chalk line is to be drawn 
through the place of the mean diameter, up and 
down ; upon this every inch muft be fet, from the 
top or bottom. If the fide of the tun is not per- 
pendicular, allowance muft be made in the inch" 
ing. * ; ^ 

When the to{) of a vat is covered with yeaft ; 
tye a cork (loaded with lead) tq a ftring, and let it 
t^own thro* the yeaft, to fwim upon the liquor. Then 
put down a rod to the bottom, clofe to it; and 
taking them out together, you will fee where the ' 
top of the cork tqufh^s the rpd, for that place 
(hews the depth. 
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The inching of a tun or vcflcl, i^ finding hbfr 
much liquor it wiU hold at every inch of ks depth. 
In order to this, take this, 

I. RULE. 

Divide the tun into fevcral parts or fruftumi* 
each of ten inches deep \ and nnd the content of 
cverv fruftum, by taking diameters in the middle 
of them, as was fliewn in the laft Prob. And 
make a fmall table, fhewing the mean diameter, 
the area, and the content of each fruftum ^ and the 
total funn, or content of the tun* 

Then by help of this, make another table, fet* 
ting down the depth at top, againft the content \ 
and fct down the depth of the liquor inch by inch, 
decreafing from the whole depth to o \ againft each 
of which the correfponding area is to be placed, j 

which is found thus. 

Take the area for the mean dianieter of the top 
fruihmi, and write it on a fcrip of paper, and fut> 
' traft it from the whole content, and fet down the 
remainder, and then fubtradk it from that renuin- 
der, and fet down the next remainder, and io on % 
continuing to fubtra^il as oft as there are inches in 
the top fruftum ; fetting them down againft their 
refpeftive depths. 

Then take the next mean area, and fubtraA con* 
tinually as before, till the next fruftum be done. 
^ And the like for all the fruftums. And ti laft there 
will remain o> if the work be right, 

End0f^, 
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Examp. ^^ 

Suppofe ABE>C h a tun fo he inched^ whofe height 
is 23 inches^ the diametef CD 14, OO 30, LL 46, 
AB 48 ; to find what ale galUns it holds at every 
tub. 

H6re the diaiweter OO is in the middle of the 
loweil 10 inches, LL in the middle of the next i6 
inches, &c. Then proceeding by the former di- 
feftions, and the lall Pfoo. we have. 



Diameters. 

48 

46 

SO 
24 




Areas* 

6*417 X 3 
5.893 X 10 
».5o6 X 10 

Cont. 



Content* 
19-25 « 

I III ■!■" 
103*24 



Content* 
103*24 



^na 



96.823 

904<d6 
83-989 




«»•••■ 



■(«■ 



78.096 

. 74.203 

66.310 

60.417 

54-5*4 
48.631 

36.'845 

3095* 
25.059 






Dep. 



9 
8 

I 

4 
3 

2 
I 

O 



Content. 
25*059 



2«-553 
20.047 

»7-54' 

15-035 
12.529 

10.023 

7-5 » 7 
5.0 1 1 

2.505 
o.ooo- 



r ^ 



t^mmtm^ 
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Fig. In this latter table, the mean area at top ^.41 7, 
66. is fubtradled continually from 103.24 for 3 terms. 
. And then the mean area 5.893 is fubtrafted conti- 
nually from 83.989 for 10 terms; and laftly, the 
mean area 2.506 is fubtraded continually from 
25.059, for ten terms, and at lad o remains. 

Then to find how much liquor there is in the 
cafk at any . time ; you come to the caflc or tun, 
and take the depth of the liguor, fuppofe 15 
inches ; look for it on the fide or the table, and a- 
^ainft it is 54*524 gal. and fo much liquor there is 
m the tun. \ 

If the tun be very crooked, you muft take a di - 
ameter in the middle of every 6 inches. And if 
there -be a crown or fall in it, remember to make 
allowance for it. 



2. Oiberwifs thus. 

Make a table with the depth in inches on the 
fide, as before, and the diameters againft them in | 

the fecond column \ which are found thus. 

Divide the difference of the diameters in any 
fruftum, by the number of inches in the fruftum's 
height, tommonly ten ; and fubtraft the quotient 
continually from the greateft diameter, or add it 
to the leaft, as oft as there are terms in the fruftum ; 
and you will get all the diameters in the fruftum 
for every inch. Do the fame with every fruftum. 
Then putting them down, in the fecond column ; 
place their areas againft them in the third column 5 . 
^hich areas are moft eafily got from a table of a- 
reas. Then add up thefe areas one by one, begin- 
ning at theloweft, and place them in a 4th column, 
which will then fhew t;he liquor in the calk at any 
depth. 
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Diameters. 

AB 48 
LL 46 

00 3Q 

CD 24 


differences. 

2 1 8 

6^5 


ad. numi 

« 

0.4 5 

1.6 

1.2 



^5? 

Fig. 
66. 



Dep. 


1 

Diameters. 


. Areas. 


Concent. . 


23 


48. 


6.417 


103.249 


22 


47-75 


6.350 


96.832 


; 21 


47-5 ' 


6.284 


90.482 


20 


47-25 


6.218 


84.198 


19 


47- 


6.152 


77.980 


18 


46.75 


6.087 


71.828 


17 


465 X 


6.022 


, 65-74-^ 


16 


46.25 


5-955 


59-7^9 


15 


46. 


5-^2 


53-764 


14 


44.4 


5.490 


47-87? 


13 


42 8 


5.102 


42.381 


12 


41.2 


4.727 


37.279 


ij 

1 


39-6 


4-368 


32-55^ 


10 


35. 


4.622 


Q8.184 


'9 


36.4 


3.690 


23.562 


8 


34.8 


3-373 


19.872 


7 


33-2 


3'Oyo 


16.499 • 


6 


31.6 


2.781 


13.429 ■ 


5 


30- 


2,506 


10.648 


4 


28.8 


2.310 


8.142 


3 


27.6 


, 2.122 


5832 


2 


26.4 


1.941 


3.710 


I 


25.2 


1,769 


1.769 





24 


0. 


» 
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Fig. Here i.i is continually added to 14, till we come 
6^* at 30 i then 1.6 is ContinuskUy added to 30, and fo 
on till 46. 'And then .25 is continually adckd from 
46 to 4JB. Then the next colcmn contain) the a- 
reas, correfpondent to theip diameters. An^l the 
laft conuins the fum of all.' 

This way is more ezad: than the foriqer, but 
more troublefome. 

The diameters required, are had by meafuring 
them ; but if the form of the veffel is l^nown, they 
may be had more exadly by calculation. 

Cor. Jf^en tbe vejfel is very braad^ as in a icwUr % 
it isfonutimes nfcejfary^ to meafure it to every tenth 
fart of an inch. 

This will be done the fame way as the inching 
was done, only inftead of the pumber of inches in 
the height, we muft take the number of tenths, 
which will be 10 times greater than before, or 
» confift of 10 times more terms. And the quan- 
tity to be addeql or fubtrafted, for finding each di- 
ameter or area, will be only the tenth part of what 
it is for inching : but all the reft of the procels will 
be the fame -, for the area muft be found at the mid- 
dle of every inch in height ; and then add (or fub- 
traft) continually the tenth part of every area, to 
the preceding. 
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P R O B. XVIIL 6?; 

SI9 gauge a €afk ASHG« 

I. R U L e. 

To if the fum of the fquarey of the bung and 
head diameters CD, AB, add -tV, ^ or ^'o. Or fob* 
tra£i: ^ their diffefenee (according as the ftaves arc 
more or lefs crooked) ; multiply diis fiim by f the 
fcngth EF, which divide by the proper divifor, 
359 for ale, or 294 for wine,^ gives the content vk 
gallons* 

2. Or thus. 

To the head diameter AB, add -rr^ -^or ^ 
of the diSerence of the bung and head diameters^ 
CD, AB (according as the ftaves are more ftreight 
or more crooked) ; the fum is the* mean diameter. 
Multiply the fquare of the mean diameter by the 
kngth of the ca{k EF, and divide the produft by 
359 or 294, gives the ale or wine gallons rclpec- 
tively, contained in it. 

3. Or thus. 

When the form of the calk is kno^n, which fcl* 
dom happens -, compute its content in inches, by- 
its proper rule in the 4th p vt before going ; and 
dividing by the proper divifor (Prob. I.)f you'll 
have the gallons it contains. Or proceed by Prob. 
26, Part IV, by taking a diameter in the middle 
between AB and CD. 



Ex. 
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* 

Fig. 
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Ex. I. 

There is a cajk wbefe iufig dia^ter is 32 inchfs, 
the head 24> and length 40;. the fi erne pretty fir eighty 
what is the content .in ak gulktii ? 

32 24 ' 1044 3)4o(i3t 

. 3* 24 57^ 



64 
96 


96 
48 


2)1600 
800 

• 


1024 


576 


2400 
—44.8 : 


1024 
diff. 576 


2355-2 
•3t = 


448 

» 

• 


^ 


7065.6 

23552 
7^S'i 


1 




« 

359)3 '402.7(i 



= J!, dif. 



4© 
T • 



gall. 
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Examp. 2. , . ^ . 67. 

, ^bere is d cajk^ wbofe bung diameter is 40 inches^ 
the head 30, and length 5^,; tbeftaves (rooked. How 
much .v^ine does it hold ? , 

49 fquerc zi 1600 , 2500 
, 30 fquarc = 900 . I'^BO 

fum 25P0 3750 ' . ' 

210 



difF. 700 



3 3960 



.4W — X 

2»o-o 31680 



. 3.960. . 

■ ■ I ! • I ■ ■ 

294)71280(241.7 wine 

^ » If the ftavps were very crooked, you muft have 
added t^ of ,700,. or 350; and then the,cQineixt 
would be, ? 5Q.2 galL . 

Or thus. 

.40 30. •' 1296^ 

30 6 . ; ',54 



w 

.6 


• 

36 = ip. diam. 

36 


• 5184 
6480 


6.0 


* 

216 

w8 ' 


29 1)69984(238. wine 
' ' gaU. 


' 


1296 


« 
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Set 17.1+ on D, to the Ke^ht 54 on C v and a- 
gainft the mean diameter 36 on D, is the conteiil 
238 onC. ' , • •< 

Notey the mean diameter may be found on the 
rule, according to its variety. 

Thb alfo may be done by the diagonal line on 
the gauge rod, for putting the rod in a( the bung 
hole, to the oppofite corner, at either end -, notd 
where the middle of the bung hole cuts the line, 
and there you have the number of gallons which 

the caflc conuins. , . . , r 

Or thusy having the diagonal- in inches ; let 22.93 
upon D, to 27 upon E, for ak v or fet 1 5.9 ug>n 
D, to 1 1 upon E, for wxne ; and againft the dia- 
gonal upon D, you have the content upon E. 

Scholium. 

i It has-been th& common p»ftic« ftf Gaugers^ td 
ieduce aft caflss t(vthe c6nic feftiofti, fuch as th« 
fpheroid, the paraboloid, the hyi^rbolokl* the pa^ 
rabolic fpindle, &c. and upon that fuppofmon, to 
make fo many cafes or varieties, for finding the 
contents of all forts of calks, by reducing thtw to 
one or other of thefe. But it is impoffible, by tfie 
mere fight of a cask, to know what form to reter 
it to and it muft be mere chance if it happen to 
be aky of them i therefore it is better to have re- 
gard only to the curvature of the ftavies, fincC it is 
owing entirely to this, that a cask holds more or 
lefs i and therefore from this only a judgment may 
be formed how to proceed by thefe rules, m find- 
ing a mean area, or a mean diameter, for reducing 
a cask to a cylinder ; or without trufting to the eye, 
to take a middle diameter (according to Prob. 26. 
Part 4.) which will determine the thing at once. 
*- In 






} 



f.V. fe A U G 1 f^ ^G. .^ i^) 

^ - In order to get the dimenfions of any clofc cask jFi^l: 
put a tod in at the bung hole, ftreight' to the op- liS/*, 
polite fide, and note the length of the rod on the 
outfide of the cask. From this, take the thick- 
nefs of a ftaff (ivhich is eafily taken with a notched 
ftick) and the remainder is rfie bung; diameter. 
• The head diameter is had, by taking twice the 
thicknefs of a ftaff (found at the bung hole) froi^ 
the external diameter at the head. Or the diftance 
between the infide of the chine, and the outfide of 
^Che oppoflte ft^, will be nearly eqoal to the head 
diacneter. 

Take the diftance betWf«i -the oiitfide« of the 
two heads, with a Aiding pair of calipers ; from 
that fubtraft twice the thicknefs of a head, the re- 
mainder is the length 6f the cask within* 

The outfide diameters are eafily found, by xnea- 
furiftg ro^nd th{ cask to get the circumferences ; 
then from any circumference find the diameter. 

To find the wet inches. in a cask, -pjutibe gaug- 
ing it>d into the bung hole, in a lying cask ; or in* 
to the end, in a ftanding one ; and thruft it dire6i:- 
ly down, till it touch the oppofite fide or end j then 
taking it out, the wet part will (hew how deep the 
liquor is^ or the wet inches. 

P R O B. XIX. 

* • 

To find the ullage of a cajk^ wbofe axis lies parallel 
to the horizon. 

The ullage is the quantity of liquor remaining gg^ 
in the cask j or the Tacuityi when die reft is drawn 
out. * 

/.RULE. 

Here muft be given the bung diameter, the wet 
or dry inches, and the content of the cask, * 



^ 1a z Divide 
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Fig* Divide the wet inches by thelxiog duunetcfjand 
68. notel the quouent ; take a quarter of the; difit- 
rencc between /this cjuoticnt and ^^ and ad^ itito 
that quotient, if greater than •5, or fubtraft ifciif 
lelTer. . By this» multioly the whole content of the 
cask, and it gives the licjuor remaining in it* . 

But when the bung diameter is far greater than 
the heady inftead of -^^ take f the difference afore-* 
faid, 

Suppofi the bung diameter CD 32, the wet pari 
LD .34. Then h Proh. 18, the content of the eajk 
is 97«46* To find the tiqutnr Contained in IKHB, or 
ihe uUa^e. 

' 3'2)24.oo(.75 .75 97.46 

224 .5 • .812 



4»««> 



160 4).2f(.o5a 77968 

160 .'75 975 



mf 



,8l2 



^95 



ullage 79-»j8 



-^^ 



By the Rule. 

Set the bung diameter 32 upon C» 10 too upon 
SL ; and againft the wet inches 24 on C, is a leg- 
merit 82.25 on SL. 

Then fct 100 on A, to the cask's content 97.46 
. on B.i.and againft the fegment on A, is the ullage 
8ooh£. 

P R O B. XX. 

~^find the ullage of a cajk^ whofe axis is perpendi- 
^lar to the horizon* 

!• R U L F, 

^g^ Here wc rquft have the length of the caflc, the 
wet or dry inches, and the content of the cafk. 

Divide 
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Divide the wet inches by the cask's length, and Fig. 
note the quotient -, take ^ the difference between 69. 
this quotient and A> ^nd add it to that quotient, 
if greater than .5, or fubtraft it if lefler ; by this, 
multiply the whole content of the cask, and you 
have the liquor remaining in the cask. 

' 2. Or thus. 

Here you muft have the diameters .at the bung, 
head, and liquor's furface ; alfo the wet inches, and 
whole length. 

Then by Prob. 18. find the content of IKGH, 
by finding a mean diameter ; and this is the ullage* 

Or find the content of the half cask CDHG, and 
of the part CDKI'i then the fum or difierence gives 
the quantity of liquor in the cask. 1 

Or laftly, find a middle diameter between IK 
and GH, and then find the content by Rule i, 
Prob. 16. 

Sufpofe the bung diameter CD 32 , the beadGH.269 
'the length EF 40, the wet inches LF 12, furface of 
J he liquor IK 31.5 j to find the quantity of liquor in 
JGHK. 

By Prob. 18. the content of the cask is 100.6 
^t gallons. 

40^12.0^.3 .5 .30 100.6 

•3 .02 2« 

10). 2(^.02 .28 S048 - 

— — • 20 1 2 



uUage 28.168 



Or 



• t 
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Fig. 

\ 



f 

IK 
GH 


• ' 1 

= 31-5 


Or thus. 

• 


4 

* 



it 



1 » *► 
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diff. 5.5 165^12 

•5 82656 

359)99^^8.72(27.6 ale 

^•75 . . ^allons^ 



m. dlam. 28.750 

i> ■ ' 

• 57*00 
3 3000 

20I2 

«44 



• • • 



826.56 . , 

By the Rule. 

Set the cask's length 40 on C, to too on SS.i 
snd againft: the wet inches 1 2 on C, is a fegment 
'26.4 on SS, 

Set 100 on A, to the cask's content 100.6 on 
B ; and againft that fegment 26.4 on A, is the ul- 
lage 28 on B. 

P R O B. XXI. 

TV ^auge malt in any majb tuHy ciftern or couch \ or 
on aty floor. 

RULE. 

• -* 

In a T^un^ Ciftern^ or Coucb^ if the malt does not 
lie le^l \ take a fufHcient number <)f depths indif- 
. ftiffipt; places \ and divide the fum of them by their 
cmn^h^r^ arid it will give the m?an depth. 

Then find the area at top or furface of the malt, 
in4 at the bottom; and take half the fum, for the 

meat 
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mean area; and nuiltiply the mean area by thcl^ify 
mean depth, and divide by 2150.4, gives ttt con- $% 
centinbuihcls. 'ScteProb. i6. ^ '^ * 

: tjpon a/Mr^ «£iid tbe area of the'^aie, ' an^ the 
mean depth (by feveral dippings) j and multi^fc 
them together, and divide by 2150.4, as before^ 
This ^ork is the ijime.ie} dice6bed« in Prob. lo. 
I^art IV. ' •> ' . ' ".:. ' : . / ^ 

. When the dtmeafions are krge, they aro cotOd 
mooly cakien with a tape divided into inches. 

It han been .«ibferved, that when 2 org movti^ 
hftve psKTedi th<!o' malt of a middling (brt, it waU 
be more comp»& by a fixth or sn^dghth pare. And 
Hbftpefbre the. quantity found in iuch circumftancis» 
^uki be increafed io much. ? 

Examjp. * . 

Suppofe the length of a cijiern.is^ Md in^dth 
^J^^f^and depb.iZ ywbai d^es it aontain?^ : 

54-4 • . ; . -* 

2720 . • 

4352 



4624.0 

18 ' 

369^2 

4624 

2150.4(83232(38.7 content. 

I. By the Rule. 

Find a mean'between 54.4 and, 85^ which trill 
bcM^ ; then fct 46.37 on D, to the depth i8^<>ft C ; 
and againft the mean 68 on D, is the content -3'?. 7 
onC. 

i. Or 



«. • 
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^* 2. br thus, hy the Rule. 

^* Set the depth i 8 on MD, to the length 85 oh Bi 
and againft the breadth 54.4 on A, is the -content 
38*7 on B. 

S c H o L. 

It may be obferved, that many of the ruks laid 
down here for gauging, are only approximations % 
being contrived for cafe and expedition ; and come 
' pretty near the truth in moft cafes. For to what 
fairpofe can it be to make ufe of long and labori- 
ous rules and calculations, fuited to certain parti- 
cular figures ; when we do not know that any vef- 
fcls we deal with have thefc figures. If we (hould~ 
gauge a cask as a paraboloid, which happens to be 
a parabolic fpindle ; we fhould make a great mif- 
take. Therefore it is better in mechanical things 
io ufe mechanical rules ; and judge from the appa^ 
rent curvature of the veflel, what rule to ule, ami' 
how to apply it. 
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PREFACE. 



<jr'HE Art of Surveying is of gnat antiquity ; and 
it has been faidj that it was firft found out in E- 
gypt. For when the Nile, by its frequent inunda^ 
HonSy overflowed the country, and deftroyed all the 
boundaries of mens eflates, or buried them under the 
ftime and mud ; they were necejjitated to feek out fome 
methods or other, whereby to fet out to every m^n his 
due quantity of ground ; that it might be re/iored to 
bim without lofs. And as this happened very often, 
they were under a neceffity of fludying this art, for 
freferving the limits and extent of their lands and pof^ 
feffions. 

But though the knowledge of fuch an art mufi be 
neceffary on this occqfion, and accordingly made ufe of 
for that purpofe ; yet it might be found out fooner. 
For without doubt, the Art of Surveying had been 
known, ever fince there had been any fuch thing as the 
dividing of lands. For as there could be no felting 
out, or making any divifion of lands, without taking 
the meafures of the whole, ana of the fever al parts ; 
fo as foon as that happened, muft the way of meafur^ 
ing be known ; and thus we meet with a man meafurr 
irig Jerufalcm, Zechariah, ch. 2. And the fame ne- 
ceffity that caufed men to divide the land into fbares, 
at the fame time forced them to feek for methods to re- 
duce them to an equality, and to find the proportion be- 
tween one part and another. And thus the firft divi^ 

A 2 ding 
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ding of the land of Egypt among the people^ gave rife 
firfi to Surveying and Geometry. 

It has been objelled^ that tbefurveying of land makes 
the poor tanants to have dear bargains^ and occajions 
things to fell dear and grow fcarce \ and therefore land 
ought not to be meafured. But then a man muft he 
kept ignorant of his p'operty^ in other cafes as well 
as this* Does a mane's knowledge abridge his confci- 
ence ? IVe often fee that meny by over-ejiimating their 
eftates^ let their tenants hard pennyworths^ being ig" 
norant of the true quantity of ground they let^ for the 
want of furveying. But every man, in any fort of bu' 
Jtnefsy will always make the befi he can 'of his goods. 
And mufl every man have (he liberty to make the befl 
of his own J and only the owners of land tied from it ? 
Now the Art of Surveying teaches how to give every 
man his due^ and to do jufitce to every body^ to the 
landlord as well as the tenant^ to the buyer as well as 
the feller ; by fhewing the true meafure and quantity 
if the land. Therefore Surveying is a neceffary and 
ufeful Arty which not only gives the true quantity y but 
Jhews rules for laying down maps and drafts of an 
efiate \ which exhibits to view every fieldy , and every 
objeS therein^ in their proper fituations \ which is a 
ufeful invention. 

Many large volumes have been writ concerning the 
Art of Surveyingy by which it has been drawn out to 
an unneceffary length. For the whole of it is founded 
upon the Jimpleji principles of Geometry y which are 
eaftly learnedy and- cannot need fuch long and tedious 
explications ; for fuch methods only confound the reader. 
For no fubjeSl ought to be treated more voluminoufly^ 
than there is real difficulty in it ; which is not to be 
found in this Art. It is a good old maxim^ fxiva, Bt- 
€aici^ fjt,ivx y.xKoify and ought always to be obferved. 
For by f pinning out things in long difcourfeSy the reader 
is loji in a mift of words. ' But this perplexity is avoids 

ed^ 
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edy hy treating the fubjeS in a concife way^ and going 
no farther than the fubje£t leads. 

In the following Booky you .have a verbal defcrip-^ 
tion of the injlruments ufed in Surveying, For it is 
not worth the while to give any Cuts of them ; a 
Jight of them being more inftruSive than any figure 
can be. In Se<5t. I. you have an account of all the 
work that is to be done out of doors \ with f roper 
Rules to proceed by. Seft. IL teaches how to ploty 
reduce^ cajl up^ and divide any parcel of land. And 
lajlfyj Seft. III. fhews the methods of taking heights 
and dijiancesy both acc(ffible and inacceffible \ which is 
a curious and ufeful fubjeSly and very neceffary to be 
known. 

I have omitted nothing belonging to this Art^ and 

have treated of every thing in as concife a manner^ 

and yet as clearly ^ as the fubjeS would admit of. And 

fo I take my leave of the reader ^ wifhing he may meet 

with all the fatisfaSlion he exfeSis. 



W, Emerfon* 
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Q^URVETtNG^ or meafuring Land^ i$ the art 
iT) of finding the content of any field, or parcel 
OT land ; which is always cxpreffed in acres and de- 
cimal parts \ or perhaps in acres, roods and perches. 
This lort of mcafuring differs from others, as it is 
Concerned in nothing but meafuring parcels of th« 
earth's furface, which are large figures ; and whofe 
meafures are taken in chains and decimal parts \ 
whereas the dimenfions in other ways of meafuring 
are taken, and cad up, in inches, feet, yards, &:c. 
The inftruments ufed in furveying are of feveral 
forts. I. Thofe for meafuring angles ; as the *The*^ 
vdolite^ piain table^ femicircle^ circumferentoTy Geode* 
tical Jiaffy infallible^ tec. 2. For meafuring dif* 
tances *, as the wheels or perambulator^ the cbain^ 
&c. 3. For levelling \ as the water Iroely fpirit 
levely &c. 4. For making draughts upon paper ; 
as fcalesy line of cb$rds^ protraiioTy reducing fcale^ 
cpmpajfes^ parallel rukr^ &c. 5. For marks, &c. as 
arrows y Jiationjlaves^ fir earner s^ &c. 

^he theodolite. 

This is a brafs circle, 12 or 14 inches diameter; 
its circumference is divided into 360 degrees-, it 
has two fights upon it, fixt at the beginning of the 
degrees ; and alfo a moveable index, with two 
fights, which moves about the center. The whole 
is to be fixt upon a three legged ftaff, with a ball 
and focket. To fome of thefe inftruments are fit- 
ted telefcopic fights 5 which m,akes it one of the 
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beft inftrumcnts for taking angles. And fomc of 
them have a card and compafs, with a needle play- 
ing round the center, which in fome cafes is very 
xjfeful. 

^be plain "table. 

This is a flat board or table, the bignefs of a 
{heet of paper ; fitted into a frame going round its 
edgeis, which frame is to keep the ftieet of paper 
fait on. the table, for ufing in the field. The edge 
' is graduated into degrees, from a brafs center in 
the middle of the table -, by means of which it may 
be ufed without a paper. It has a loofe index with 
two lights, being fighted both back and forward ; 
and upon this index is a tangent line for taking 
heights. The index is made to turn upon any gi- 
ven point, againft a pin, or the point of a pair of 
compaffes placed therein, as a center ; and in tak- 
ing angles, this center muft be the brafs center. 
The ftreight edge of the index is called the f ductal 
idge. 

The ufe of this inftrument is to draw the plot or 
figure of any field or parcel of land upon a paper, 
in the field. For when the work in the field is fi- 
nifhed, you have the exaft form of the ground up- 
on the paper on the plain table. This is a proper 
inftrument for furveying fmall inclofures, and of 
great difpatch j but not fo good for large eftates, 
by reafon the paper upon the table will contract in 
dry weather, and expand in moift weather. And 
therefore if one part be drawn when it is dry, and 
another when it is moift, the field will be diftort- 
ed, and the parts out of proportion. 

The under fide of the frame is divided into e- 
qual parts, and may be turned upGde down upon 
occafion* 

Circum- 
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Circumferentor. 

This is a parallelogram, eight inches long and 
four broad, made of box or brafs, its edge gradu- 
,ated or divided into degrees ; to this belongs an 
index with fights forward and backward. It may . 
alfo be made in form of a circle eight inches dia- 
meter. 

To this belongs a box and needle ; and therefor© 
it is the fitteft inftrument for mapping a harbour, 
and for drawing; the pofition of rocks, fands, 
Ihoals, foundings, &c. And proper for meafuring 
a county, if it be made large. 

Semicircle. 

This is a large femicirclc divided into degrees, 
having fights placed at the beginning or edge. It 
has a moveable index with fights back and forward, 
moving about the center. To this is fixed a box 
and needle 5 it is the fame as half a Theodolite. It 
is fitted to a ball and focket, and fet upon a three 
legM fl:aff; like all the reft. 

Geodetical Staff. 

This is an inftrument with two legs, having fights 
upon them, opening upon a brafs center pin, like 
the leg$ of a pair of compaflTes ; each leg is a foot 
and half long, or more. There is a long ruler, 
called the Graduator, which turns upon a pin in the 
end of one of the legs^, and goes thro* the end of 
the other leg. This ruler is graduated with a line ' 
of chords, anfwej-able to thq length of ijae legs, 
which is the radius. As the inftrument is opened, 
the moveable leg, running along the graduator, 
fhews tp what angle the inftrument is opened. A nd 
when it is open, it appears in form of an ifofceles 
triangle ; and .may be opened to a right angle, or 
fomething more j and then the graduator will be 

the 
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the hypothcnufc. This is an excellent inftruiftcnt 
for taking angles. 

Infallible. 

This is an inftrument not very common v it is a 
flat boards or a plate of copper or brafs, a foot 
iqiiare. On the middle or tnereabouts is fixed a 
perpendicular pin, on which is fcrewM an index 
with two fights.* The table or plate is to be cover- 
ed with a paper, which mufi: be folded at the ends 
under the inftrument, and fcrew*d faft at every 
corner, by four plates fixt underneath the table. 
Then the index muft be put upon the pin, which 
will come thro* the paper. 

This inftrumcnt is very fimple, and very eafily 
, made, and difiers nothing from the plain table, but 
only that it is ungraduated ; and the index always 
turns upon the fixt pin. When it is ufed in the 
field, it muft be placed on a three legged ftafF, 
being a ftafF with three legs opening outward, to 
ftand on the ground in any pontion you will. AH 
thefe inftruments are for taking angles or draughts. 

IVbeeU or Perambulator. 

The wheel to meafure diftances, is 2| yards in 
circumference, but ought rather to be 5t yards a- 
bout, or a ftatute pole. It confifts of clockwork* 
and on the face has two hands or pointers, to fliew 
the diftance run. The wheel runs between two 
cheeks, in a frame of wood ; by taking* hold of 
the frame it is driven forward, and by the motions 
of the hands, and divifions on the face, is (hewn 
how many yards, poles, furlongs or miles, you 
have gone. One hand goes round in half a mile, 
and the other in 1 2 miles. 

This inftrument is very ufeful for meafuring 
roads, rivers, and all level ground. 

Chain. 
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Chain. 

There are fevcral forts of chains, but Gunier^$ 
Chain is the belt for meafuring land ; its length i$ 
4 poles or 22 yards ; and is divided into 100 links ; 
and at every 1 o links there is a piece of brafs, with 
figures or tails for cliftindion ; by thefe, the lipks 
are eafily reckoned* 

In meafuring towns, a chain of 50 feet and 50 
links is the moft commodious. 

Water Level. 

This Is a round tube made of wood or brafs, 
about three feet long ; the ends of it are turned up 
Iquare \\m which are dole cemented two glafs tubes 
perpendicularly. The tube is to be almoft quite 
filled with water. There are two fights fixt to this 
machine ; and often telefcopic fights, for great dif- 
tances. When it is fixt level on a three legged 
ftafi^, the water will rife to equal heights in both 
the glafs tubes, where proper marks or divisions 
are made to (hew it. 

The ufe of thefe is to find a true level, for con- 
veying water, draining fens, .&c. 

Spirit Level. 

A fpirit level, or air level, is a cylindrical glafii 
tube, very near filled with fpirit of wine, wanting 
only a drop, and then fealed« On this, fights arc 
fixt> which fhould be telefcopic fights. When the 
fights are placed level or horizontal, the bubble or 
drop of air will be in the middle ; but when it is 
not level, the bubble will go to the higher end. 

In the beft fort, this cylindric glafs tube, with 
the bubble, is fixt upon the cube of an agronomi- 
cal telefcope, two or three feet long j and fo ad- 

jutted. 
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juftcd, that when the bubble is in the middle, the 
objcft or mark, fecn through the telefcope, is juft 
level with it. And there is a prooer apparatus 
with fcrews to fct the whole level ; wnich is known 
by the bubble being in the middle; 

Scales. 

The fcales or rulers ought to have feveral lines 
of equal parts upon them ; fome greater, fome 
lefTer, to fuit all cafes, particularly diagonal fcales, 
which fhew the divifion of i into a hundred parts. 
Thus, we muft have a fcale of a chain in an inch, 
a chain in 4 of an inch, in f an inch, &c. By 
thefe we draw a field, or a map or plauy called alfo 
a plot or plaL 

There are alfo fcales made that one may prick 
off the diftances by the edge. 

Line of Chords^ PretraSor^ reducing Scale^ Com" 

paJ/eSj parallel Ruler. 

Thefe are fo well known, that they need no de- 
fcription. The chords, and protraftor, are for lay- 
ing down angles j the reducing fcale, for increafmg 
or diminifhing a plan or map ; the compafles, for 
fetting off diftances;,, and the parallel ruler, for 
drawing parallel lines. As to the reducing fcale, 
it turns on a center pin, nearer one end than the 
other. On this are feveral lines of equal parts, 
running both ways from the center j and in certain 
given proportions. 

There is alfo an inftrument made with two draw- 
ing pens, fo th^t tracing one of them over the old 
draught, the other will, on a clean paper, defcribc 
it anew, in a lefs or bigger form 5 being a very ex- 
peditions inftrument, 

Arrows 
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Arrows'. 

Thefe are ten fmall flicks, about a foot or half 
a yard long, and (harp at one end, to ilick in the 
ground at the end of every chain, in meafuriiig. 
They may be tipt or piled with iron at bottom 5 
and coloured blue and red near the top, to make 
them vifible. 

Station StaveSy and Streamers. 

Thefe are long poles to be ftt up in the angles 
of a field, or in other remarkable places. .If they 
be far off, they have moveable vanes or ftreamers 
placed on them, to be Aid up and down; or 
tied to'their tops. And thefe vanes or marks may 
be white, or coloured red or blue, to make them 
vifible at great diftances. 

Some of thefe poles are divided into links, for 
meafuring offsets readily. . 

The Field Book. 

As it is not poffible to furvey any great quan- 
tity of ground without noting down the particu- 
lars ; therefore you mull have in the field a little 
book, called the Field Booky in which to write 
your ftations, offsets, angles, line?, obfervations» 
&c. This book you may divide into columns, as 
you think convenient, as will beft fuit your occa- 
sions : for there are hardly two perfons that have 
the fame method for their field notes ; however, it 
ought to be contrived in the eafieft and mod in- 
telligible manner ; for any method, that lays a bur- 
' then upon the memory, is imperfedt, and not fit 
to be praftifcd. 

This ' 
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This book may be contrived after the following 
manner. Make three columns, the middle one for 
the angles (mark'd <;, ftations (mark*d O ), the 
diftances meafured, and bearings, &c. The two 
columns on the left and right, are for the offsets 
on the left and right, againft their refpeftive dif- 
tances in the fecond column* ; and for fuch remarks 
as occur. Draw a line under the work at the end 
of every ftation ; that the workings at the feveral 
ftations may not confound one another. 

Noti^ in furveying with the plain table, you 
need no field bookj the whole work being de- 
fcribed upon it, except offsets, which may be fct 
thereon, as they happen. 
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Tbe FIELD BOOK. 



OfFsets and remarks 
on the lefty 


Stations. | 


Offsets and remaifa 
on the right. 







I 




.12 


< 


"3' 15 


V - 






00 


.26 Thomlbn's 
h^dge begins. 


» 


■ 


56 


touch the hedge 






4«3 


^34 


.32 a crofs hedge 




6.09 


•41 a tree 






• 8.00 


.00 


' 




< 


2 

- 87 43 








.00 


.00 






1.80 


Gutter changes 


•87 houfe corner 




3-15 






4.82 


.27 a pond 







3 




' 




64 15 . 


• 


a gate 


1 


. 84 


•5 






^•75 


.15 






4. II 


.29 a gate 


•88 a brook 




5 • 28 




1 8 foot path 




5 • 9* 


•»5 






6 . 00 


00 


1 5 hedge corner 




7-54 


» 






9 . 20 


28 a fpring. 



Explanation. 
© I is the firft ftation, and the < there is 1 13 15. 
on the right an offset .26 or 26 links, where Thotn- 
fon's hedge begins j meafuring to .56 we touch the 
hedge. At 4.13 an ofFset of 34. At, 6.09 an 
pfFset .41 at a tree. At 8.00 no offset. On the left, 
at firft an off"-fet .12 ; at 6.09 an offset .32 where 
there is a crofs hedge. And fo for the reft of the 
ftations, , A 
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I. A Taile of Long Meafures. 



7.92 inch 


I link 




• 




12 


14^ 


1 foot 


1 






36 


4A 


3 


I yard 








198 . 


*5 


16^ 


5^ 


I pole 

4 








792 


100 


66 


22 


I chain 




7920 


1000 


660 


220 


40 


10 


ifurl. 
8 




63360 


8000 


5280 


1760 


320 


80 


I milej 



2. A Table of Square Meifures. 



9 feet I yard 






272^: 


got 


I perch 






435<> 


484 


16 


I chain 


• 

1 


10890 


1210 


40 


2t 


1 rood 






43560 


4840 


160 


10 


4 
2560 


I acre 




27878400 


3097600 


102400 


6400 


640 


I mile 



In thefe Tables, each perpendicular column is 
of one denomination throughout. And all the 
lateral ones are equal, but of different denomina- 
tions. 

Nctey a pole and perch is the fame thing, and 
a fquare chain is called a rape in the North, being 
the tenth part of an acre. 
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Fig. 

SECT. I. 

^e PraBice of Surveying, containing . 
the Work to be done in the Field, 
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Tlo take an angle BAC, or measure the quantity of it i, 

in degrees. 

SET up two ftation (laves perpendicular, ia 
fome parts of the .lines AB, AG, as at B and 
C ; and put thereon fome vifible marks, large e- 
nough to be fccn from A. Then plant the inftru- 
ment in the angular point A, . or as near it as poOl* 
ble. Then, 

1. For an inftrument with a paper upon it, as 
the plane table, and infallible. Screw the table faft; 
then df reft the index to one mark as B, and turning 
it about, till thro' the fights you fee B, then draw 
the line AB by the edge of the index. Then di- 
reft the index to the other mark C, and turning 
it about till you fee it thro' the fights, then draw 
the line AC by the edge of the index. , Then you 
have the angle BAC upon the paper. Here the 
edge of the index muft be kept aU the while upon 
the point A. 

2. For inftruments with two fixt fights, and a 
moveable index, as the theodelite,. femicircle, geo- 
detical ftaff, &c. direft the fixt fights along one of 
the lines AB, turning the inftrument about, till 
thro* the fights you fee the mark B, there fcrew 
faft the inftrument. Then direft the moveable in- 
dex along the oth«r line AC, and move it abour^ 

B till 
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Fig. till thro* the fights you fee the mark C. Then the 
J . degrees cut by the index, upon the graduated limb 
of the inftrument, (hews the quantity of the angle ; 
which fet down in the field book. If the angle be 
obtufe, you muft take it by back fights ; caufing 
hy c to lye on the other fide of A. 

3. By an inftrument with a needle. Place the 
inftrumcnt fo, that the north end of the needle may 
hang diredlly over the flow?r-de-luce. Then direft 
the fights to one mark as B, and note the degrees 
. cut by the needle. Then direft the fights to the 
other mark C« and note again what degrees are 
cut by the needle. For their fum or difference (as 
the cafe is) will be the quantity of the angle BAC ; 
which fet down. 

If cither mark cannot be feen from A, as in the 
cafe of hills, trees, &c. fet up a new mark in fome 
place between, from whence both A and the other 
may be feen. And to place it in the line, fhift it 
to the right and left, till both A and the other mark 
appear through the fights, both forward and back- 
ward ; and that is the place of the new mark, which 
may be ufed inflcad of the other. 

Note^ if feveral angles are to be taken at one 
point as A ; take them all from one and the fame 
line as AB. For by this means, there will be lefs 
danger of committing any error. 

S c » o L. 

There is alfo a way to take an angle in the field 
by the chain only ; which is this. Take a chain 
length along both fides AB and AC, as Ab and 
Ac \ then meafure the diftance be between b and r, 
and write it down. Then the angle A may be foundf 
by plain trigonometry ; for it will be as A^ : radius 
:iio ^ be vS. ^ the angle A. Oi* find -^be in thcf 
table of natural fines, and it fhews half the angle 
BAC. 

But 
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But thi^ method being fubjeft to errors, ought Fig, 
not to be pradifed, but in caie of neccffity, or for 
want of proper inftruments. 

P R O B* IL 

To mea/ure a right line^ er anj diftcmce^ upon $he 
ground. 

I. Let AB be the diftance to be mcafured. Set 2. 
up ilaves with marks upon them, at A, B and C. 
Then the leader of the chaiti muft take the ten 
arrows iri his left hand, and tkke hold of the end 
of the chain with his right hand, by putting his 
hand into the ring. Then let him go from A to- 
wards B, drawing the chain after him ; and as he 
goes,- let him take an arrow into his right hand 
ready to ftrike down. The follower muft ftand at 

A, having hold of the Other end of the chain in his 
right hand ; and caufe th6 leader to go always along 
the right line AB, till he comes at the ftretch of 
the chain; then the follower muft hold his end 
clofe to A, and the leader, ftretching the chain 
ftreight, muft prick the arrow upright into the 
ground, at the very end of the chain. Then he 
muft go forward, and take another arrow into his 
right hand ; and when the follower comes to the 
arrow fticking in the ground, he muft fet the end 
of the chain clofe to it, and take it up with his 
right hand ; whilft the leader, at the fame time, 
pulls the chain ftreight, and pricks in another ar* 
row V and then proceed as before •, and whilft the 
follower is going, he muft put the arrow into his 
left hand. Thus at the end of every chain, the 
leader purs down an arrow, and the follower takes 
one up. And thus they go on, till they come at 

B, the end of the line ; and then the foltower muft 
reckon his arrows, for there will be fo many chains ; 

B 2 and 



U SURVEYING. 

Fig. and if any thing to fpare, fee how many odd links 
2. reaches from the laft arrow to B ; and fet all down, 
the chains in whole numbers, and the links in de- 
cimals. 

If all the arrows are gone before the leader gets 
to the end at B, he muVi come back for the ten ar- 
rows ; and the follower muft fet his toe at the place 
where the laft ftick or arrow was ; till the leader, 
piiUin^ the chain fireight, puts in another ftick ; 
and then proceed. In. great diftances, you will 
have the arrows to change feveral times i then you 
muft note the number of changes, which will be 
-eaiieft done thus. Put 20 fmali ftones in your 
pocket, and at every change of the arrowis (that is, 
at every 10 chains) remove a ftone into another 
pocket. And at laft, counting the ftones removed, 
you will have the number of changes ; . where 8 
changes make a mile. And then the whole length, 
muft be fet down in the field book. 

In going from A to B, the leader muft always 
keep his eye on the mark at B, and keep in the 
line AB, fo as to cover the mark at B from the. 
follower. 

At the end of the line AB, and at the end of 
every change, count all the arrows in both parcels, 
to fee if they both make ten j if they do not, one 
has been dropt, and the diftance muft be meafured 
over again. 

• 2. In mcafuring to or from any hedge, you muft 
account 5 links, irom the roots of the quicks, on 
that fide where the gutter is ; and that will be the 
boundary ; but in walls, the oucfide is the boun* 
dary. 

3. When the mark at B cannot be feen from A, 
then fet up a mark in fome place between, from 
which both A and B may be feen •, and this place 
may be found, by the inftrument, placing it there, 
and removing it, till A and B both appear through 

the 
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the fights backward and forward. And if one will Fig. 
not do, fct up two or three marks after the fame 2. 
manner. 

4. If the diftance be very great, as amounting 
to fcveral miles, then the eafieft way is to meafure 
it with the wheel j in which there are fcveral in- 
dexes, fhewing how many miles, furlongs, &c. 
have been paffed over. But this is not fo.exadt as 
the chain. 

5. Great diftances alfo may be meafured expedi- 
tioufly, by the firing of great guns in a dark night ^ 
and obferving with a watch or a pundulum vibra- 
ting feconds, how many feconds there are between 
the flalh, and the report of the gun. For that 
number of feconds multiplied into 1 142, gives the 
number of feet in the diftance. But this is not fo 
exaft as the former methods. 

6. If the line you meafure is not horizontal, but 
rifesorfalls; and you want the horizontal length. 
Then with a quadrant, you muft take the eleva- 
tion or depreflion of that line 5 and then, the hori-^ 
zontal length may be found by. trigonometry. 

Or in defcents, or going down a fteep place, you. 
may find the horizontal l?vel thus, . At the top,, 
ftretch out as much of the chain as you can.hori-. 
zontally^ and let a ftone fall from that point of the . 
chain, and where it falls, fet that point of the 
chain ; and ftretch out another part of it horizon- 
tally, from which let fall another ftone, which will 
fliew another pliace to hold at again horizontally ;' 
and proceed thus to the bottom. Then the fum 
of all thefe parts of the chain is the horizontal 
lint. 
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P R O B. III. 

^0 meafure offsets^ and find their Jituation upon any 

right line. 

Let AB be any right line, and Aoegh a crookecj 
hedge ; coy de^ fg^ B^, &c. feveral offsets, to bo 
meafured. From every angle or fenfible bend of 
the hedge, as -^, e^ jf, &c. let perpendiculars be 
fuppofed to fall on the line AB, as at r , J, /, &c^ 
which points may be taken near enough, by the 
eye, if the offsets are not very large ; but if they 
are, it muft be done by the inftrument. To thw 
end, you muft have a crofs line upon your index^ 
perpendicular to the vifual ray. Then as you mea- 
fure along the line AB, when you come at r, fe? 
down the length Ar , and meafure the offset co ; 
and to know when you arc at the poinf Cy plac§ 
your inftrument about r, and look thro' the fights 
to A and B, and if you can 'fee both A ^nd B», 
looking back and forward, then you are in the 
line ; if not, the inftrument muft be removed tfill 
you can fee both. The inftrument fl:anding thusj^ 
took along the crols line on the . index, and if it 
run direiJUy to o^ then c h the point where the off- 
fet falls } but if it pqlnt not to^, the inftrun^cnt 
muft be removed back br ft)rward in the line AB, 
till it doesj whilft the fights ftill point to A 
and 6. 

Proceeding forward, find the points 4 and/, &c. 
in the fanr^e manner, where the offsets de^ fg^ §cc. 
fall ; and meafure the offsets as you go along. And 
care muft be taken to go in the line AB ; and that 
at each point d or/, the fights may point to A and 
B, at the. fame time that the crofs line points to e 
or g. Then all muft be fet down in the field book, 
as you meafured them ^ that is, both the diftances 

along 
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along the ftationary line, and the corrcfponding Fig* 
offsets, which will be as follows. 3. 



© A 
Ac =: 1.94 

Ad zz 3.42 

A/ 1=4.17 

AB = 4.45 



right hand, 
o 

•87 ZZ CO 

.23 zz de 
,81 zzfg 
.47 z= B^ 



Cor. After the fame manner^ if Aoegb be an irregu* 
. lar curve ; ere^ 3* 4- or 5 {equidiftant) ordinates or off- 
Jets^ at Cy d^ /, &c. and meafure tbi hafe AB, and 
the offsets as before. 

P R O B. IV, 

^0 draw a fir eight line en the ground^ from on^ 
place A, to another B. 

1. Take a long cord, and fallen one end at A, 4. 
and carry the other end towards B ; if it will reach 
' thither, ftrain it tight, and fatten it at B. Theft 
cither pin down the cord, to the ground \ or elfe, 
which is better, make a trench along the line with 
a iharp fpade, aiid that will be your line. 

%. If the cord will not reach to B ; let fonie body 
draw the cord ftreight towards B, which fuppofe 
will reach to C ; and there let hifn hold a Hake xip- 
right ^ imd moving it to and fro, fet it at lafl, that 
. A, C and B may hide one another, when feen froca 
A or B ; then A, C and B will be in a right line. 
And after this manner fet oi^e lengt;h after another^ 
till you cpme at B. 

3* If there happen to be any hill or rifing ground ^^ 
in the way, that one place cannot be feen from the 
other ; then perhaps, a very long pole may be fet 
up in one of the places, and be feen at the other \ 
a^ul then proceed as before. But if this cannot be 

6 4 , done. 
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Fig. donc» fet up two or more (takes in the way, as C, 
£• D, &c. and let them be fo placed by trials, that C 
fecn from A, ftiall cover D ; and D feen from C, 
(hall cover B or the next (take, and fb on to the la(t. 
jind noUj in directing one another, no words muft 
be ufed, but only figns of the* band ; for it is fup- 
pofed to be too far off, to hear any dircftions. 

But if you have an inftrumcnt with back (ights 
as well as fore fights, Bx your inltrument fo betweeh 
A and B, that you may fee both of them, through 
back (ight and fore fight, and there you mu(t place 
a (take as at C ; .but if A and B cannot both b,e 
(cen from C, fet it by guefs, and another D alfo 
by guefs, and fo on. Then try them, and (hift 
them, till A and D appears from C ; and C and B 
from D, &c. by back fight and fore fight •, and then 
they are all in a line. 

PR O B. V. 

^0 raife a perpendicular upon a line AB, at a given 
point A„ upon the ground. 

6^ Take a fquare, or rather a graduated indrument 
with fights, and placing it at A, direft the fights 
of the inftrumcnt, or the fide of the fquare along 
AB, and fix the inftrumcnt. Then turn the fights 
to 90 degrees, and look thro' them along the line 
AD, and let fome perfon fet a ftake forward, as at 
D. Then DA is perpendicular to AB. If you ufc 
a fquare, you mu(t look along the other fide of the 
fquare, to find a point, as D. 

■ 

Or thus. 

Set off 40 links from A to B, and 50 links from 
B to D, fo that 30 links may juft reach from D to 
A. Then DA is perpendicular to AB. 

For 
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For then the triangle BAD is right angled at A, Fig. 
For the fquare of the hypothenufe BD is. equal to 6. 
the fum of the fquares or the two fides, BA, AD. 

P R O B. VI. 

To let fall a perpendkUtlar from a given point P, 
upon any line AB, upon the ground. 

Set an inftriunent fomewhere about A, in the line g. 
AB ; and a mark at B ; then directing the fights 
along AB, fix the inftrument. Then turn the in* 
dcx to 90 degrees, and if you fee D thro' the fights, 
you are in the perpendicular. If not, move the in- 
ftrument back and forward in the line AB, till you 
can fee D, with the index fet to 90 degrees ; the 
inftrument havinjg the pofition before defcribed j 
that is, direfted toB ; then DA is a perpendicular. 
This may be done in a few trials. 

A fquare will perform the fan^e thing ; moving 
one fide along AB, till the other fide point to D^ 
as at A. 

P R- O B. VII. 
To lay down a given angle. on the groupdy^ as CAB, 

Set up a ftake fomewhere in jthe line AB, as at B^ 7. 
then place an inftrument at A, and difeft the fights 
at the beginning of the degrees, to B ; ,then fixing 
the inftrument, fet the index to the degrees of the 
given angle 5 as DAE, and looking along the in- 
dex AD, caufe fome afliftant to fet up a ftake in 
the line ADC, as at C ^ then. the angle CAB will 
be that required. 

By an inftrument with two legs ; fet it to the gi- 
ven angle, and placing it at A, direft one leg AE 
along the line AB, to the ftake at B ; and fet up 

another 
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Fig. another ftakt! in the line AC, as at C, in the di- 
7« re£tion of the other leg AD. 

P R O B, VIIL 

^hrf a given point C, to drawn a line parallel to 
a given line AB, on the ground. 

8i Mcafure the neareft diftance of the given point 
C from the line AB ; and at a convenient diftance 
from A, as at B, raife the perpendicular BD to the 
line AB. Set the length AC from B along the 
perpendicular to D, and draw CD, which will be 
parallel to AB. 

Or thus. 

Take any ftation B in the line AB ; and with a 
proper inftrument, meaiure the angle ABC. Then, 
by the laft Prob, lay down the an^e BCD equal t6 
ABC i draw CD, which will be parallel to AB. 

Or at any point A in the line AB,- take the an- 
rie CAB 5 then going to C, fet off the fame angle 
XD, to D s £ being in the line CA. 

Otberwife thus. 

' Set up a ilake at C, and another at any place as 
At iti the line AB. And let two obfervers hang 
up two lines and plummets at D and B. Then let 
the obferver at B take notice when the fun, or fome 
'ftar (agreed on between them) comes in the line BA •, 
^nd at that inftant give notice to his correlpondent 
at D, to fet his line and plummet fo, that D and 
C may be in a line with the fun or the fame ftar. 
Atid then CD is parallel to AB. It will be beft for 
the obferver j^t D, to keep^ his line and plummet 
always in a line with C, and the fun or ftar. 
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Fig. 
P R O B. IX. 

To meafure the borixontal hafe of a Hillj as BC . . 

I 

Let BAD be a horizontal line, CA a perpendi- 9, 
cular from the top, BC the flope or fide of the hill. 
Set proper marks up, and with a ppper inftrument, 
take the elevation, that is, the an^le ABC or ACB ; 
and one being given the other is known. Then 
meafure with a chain the fide QB. And it will be^ 
^ rad : BC : : S.an^e BC A : to BA- 

If the hill has different declivities in feveral places, 
take the angles in thefe feveral places, and the fide 
of each part, as before. Then find the bafe of 
each, by the fame operation -, and the fum of all, is 
the whole bafe. 

All this may be done by rule and compafs, by 
laying down tne triangle BAC, or the feveral parts 
thereof. 

If there be iikcwife ^ defcent on the other fide, 
as CD ; you may find the part AD in the fame maur 
ner as before. Or proceed thus, take the angles 
at B and D, and fubtradt their fum from 180 give$ 
the angle BCD*; or the angle BCD itfelf may be 
meafured ; and meafuring either fide of the hill as 
BC, then, as S.angk D : BC : : S. angle BCD ; BD 
thd whole bafe. 

Cor. By the fame metboithe height of the bill CA . 
may be found. For it will he^ as radius : BC : : 
S.angk ABC : beigbt C A. 
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fig. 

P R O B. X. 

• ^0 reduce a field to fewer Jides in the fields where 
an angle is very aitufe^ or when one of $be Jides is 
very Jbort. 

,0. Let DEFKCB AD be any field, which here con- 
fifts of feven fides. Then, 

1. Suppofe ABC is a very obtufe angle or bend- 
ing, which we want to take way. Produce the 
longer fide of the angle CB to cut the fide AD 
{adjoining to the other fide), at G ; then take the 
point T, fo that it may divide the line GA, in -the 
fame proportion, as B divides GC j that is, fo that 
GI may be to GA, as GB to GC. And as GA is 
in this cafe very (hort, this may be done by the eye 
cxaA enough, for the moft part ; or as exaftly aa 
the two points A and B can be determined; Then 
draw the line CI, and leaving out the angles B and, 
A, the two lines CB, BA are reduced to one CH, 
and the field confifts of one fide lefs than before. 
And the fame may be done with the angle FED, 
by producing FE till it cut AD, and finding the 
point Q^as 1 was found before. 

2. Suppofe ED a very fhort fide. Stand at D 
the. end or the (hort fide, and obferve, direftly o- 
ver the angle F (the next but one), fome very re- 
mote objed, as a houfe, tree, mountaid> fun, moon, 
ftar, cloud, &c. Then immediately remove along 
AD, till you fee the fame objcd direftly over E \ 
at thatj)lace Q, put in a ftakc or fome mark. Then 
Icavft u^ the angles E, D, and take Q infl:ead 
ther(? i And thetwo fides FE and ED are redu- 
ced tt. -jie FQ2^ which takes away another fide of 
the field* And the fame thing-may be done with 
the fide BA, by obferving the fame remote objed 
from A over C, and from I over B. 

The 



^ta.l. S U R V E Y 1 N G. 23 

The reafon of this proccfs is this ; the lines AC Fig. 
and IB are parallel ; and the lines DF and QE are 10. 
parallel ; and therefore the triangle CBA is equal 
to CIA 5 and the triangle FED is equal to FQD. 

Cor. This method is very ufefuly when we meet 
with a field with crooked hedgeST, ly reducing it to 
fewer Jides. 

For by this means we have the fame quantity of 
;round, and fewer hedges. For the lines CI and 
'Q take in as much as they leave out, ' , 

S C H O L. 

When any fide of a field is very irregular, you . 
may draw a ftrait line inftcad of it, which (hall tafc^ 
in as much ground in fome places, aa it leaves out 
in others 5 and fo does not alter the quantity of it. 
And this way (of giving and taking) Ihortens the 
work ; and fiich a line may be drawn as exaftly by 
the eye, in moft cafes^ as the boundaries them- 
felves can be afcertained. 

P R O B. XI. 

^0 furvey a triangular field ABC. 

« 
I. By the Chain. 

Set up ftation ftaves at the angles A, B and C* u. 
Then meafure with the chain from A to C ; and 
when you come at P, where the perpendicular BP • 
falls, fet up a flake there. And the point P is ca- 
fily found, for as you go along from A, kt your 
inftrument where you think the perpendk » ^lac will 
be, then look thro* the fights back and (:;^'. rd, to 
fee that you be in the line AC •, that V /^^ look 
thro* the crofs line upon your index, and if yOu fee 
the vertex B, then you are at the place P, where 
the perpendicular falls. But if B doe$ not appe'ari 

you 
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Fig. you mult move back or forward in the line ABf 
1 1 . till B can be feen along the crofs line, as at P. 
Then having meafured AQ and fet* it down ; go 
to P and meafurc the perpendicular PB, and fct 
it down likcwife. And thus you have the bafe and 
perpendicular, which is fufficient for finding the 
content. 

Or meafure all the three fides AC, CB, BA, 
feverally, with the chain ; and note them down. 
Then the triangle may be laid down, and the con- 
tent caft up by Scdl. II. 

2 By taking one cr more angles. 

Meafure two fides AC and CB, and the angle 
included ACB j by which the triangle may be def- 
cribed. 

Or meafure one fide AC, and two angles A and 
C, then the third angle B will be knowa. 

Or, if you cannot get the angle C ; take any 
point D in the bafe AC, where take the angle 
ADB, and meafiire AC and DB ; and then it may 
be caft up by Sed. 11. 

P R O B. XII. 
Tofurvey afield in form of a trapezium. 

I . By the chain. 

,2. Set up ftation ftaves with marks or ftreamers, at 
all the corners A, B; C, and D. Then choofe 
one of the diagonals AC or DB to meafure, let it 
be DB^ it ought to be fuch a one, as that you can 
fee the r^^ark at B from D, or the mark at D from 
B ; ar' likcwife the marks at A and C frotft the 
diagonai DB -, and likewife the perpendiculars AF 
and CG fhould fall within the figure. 

Begin at D, and meafure along the diagonal DB 
in a right line, till you come at the place of the 

perpcn-i- 
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perpendicular AF, which will be i:nown, by look-Fig. 
ing backward and forward thro* the fights to D and i2» 
B •, and then looking along the crois line to fee A ^ 
removing the inftrument, till A can be feen. Then 
at F put in a ftake; Then mcafurc forward, and 
find the place G of the other perpendicular GC as 
before -, and put in another ftake at G. Then mea- 
fure to the end B, and fet down the length DB. 
Then go to F or to A, and meafure the perpendi- 
cular FA, and fet it down. Laftly, go to G, and 
meafure the perpendicular GC, and fet it down, 
with the reft. And by thefc the content will be 
' found. 

Diagonal DB — 8.37 

1 perp. AF — 5.18 

2 perp. GC — 4.86 

Otberwife^ hy the Chain. 

Draw a rude draught of the field to imitate it, 
upon paper ; and having 'fet up marks at all the 
corners, draw a diagonal as DB upon your draught. 
Then begin at any angle D, and meafure all the 
fides round about to D again ; and then the diago-* 
nal DB ; and fet them all down as they are mea- 
fured, upon the correfpondent lines of your draught. 
Then from thefe meafures, the field may be laid 
down upon paper ; and the content found, by Seft. 

In meafuring this way, it is beft to take the Ihor?- 
f^ diagonal. 

Or thus^ ly the Chain. 

Marks being fet up at A, B, C and D. ' FTnd th^ j j; 
mterfedtion E of the diagonals AC, DB ; thus, 
place the ftafi^ and index at E, and if you can fee 
D and B forward and backward, and alfo A and C 
forward an<i backward, thro' the fights, then E is 
the interfedign fought. But if not, remove the 

ftafF 
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Fig. ftaflF, till you can fee them all ; which is foon done 
13, by a few trials. Then meafure the lines in this or- 
der, AE, EC, CB, BE, ED, and DA (for proof), 
with the chain. And write their lepgths on their 
proper lines, in a rude draught of the field. From 
thele meafures, the field may be laid down, and the 
content founcjf by Scd. II. 

In all thcfe methods, there is no occafion for any 
inftniment (befides the chain), but an index with 
two fights and a crofs line, and a ftafi^ to fet it on ; 
whofe ufe is to make you go ftrait, by trying fore- 
fight and back fight ; and for finding the perpendi- 
culars, when they are required. 

2. By taking an AngU. 

Having fet up marks at all the comers ; find the 
interfe<5tion E, of the diagonals in the field, as in 
the laft method. Then fixing the inftrument at E« 
take any one of the angles at E, as AEB, and fet 
it down. Then meafure the diagonals AC and BD, ' 
and fet them down. 'Then by thefe,- the content 
will be found, by Seft, II. 

Angle AEB, 66^ 20' 
AC, 7. 54. 
DB, 6. 17 

Or thus^ hy taking fever al Angles. 

Make a rude draught of the field upon paper, 
. and draw one diagonal as DB, which meafure and fet 
down in thedraught. Then with theinilrument^rake 
the quantity of the angles, DCB, CDB, and ADB, 
DAB) and fome other angle or fide for proof; and fet 
all theie angles down in the draught. Then by means 
of thefe, the field may be laid down on paper, and 

meafured. 

> 

Note^ it does not fignify whether your eye draught 
be true or falfe, provided all the lines lay but in 

their 
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their right polition -, for the conftrudion at laft Fig. 
ivill make all right. 1 3. 

Scholium. 

As the furveying a triangle and a trapezium, is 
the foundation of furveying all other forts of ft- 
gures, 1 have been very particular in (hewing dif- 
ferent methods. For all plane figures nluft be di- 
vided into triangles and trapeziums before they; 
can be meafured •, and therefore the learner ought 
to have a good notion of thefe. 

P R O B. XIII. 
^ofutvey any field hy the chain onty. 

Let ABDF be the field propofed. Set up fta- 14* 
tion ftaves, or afiy long flicks, with marks or dream- 
ers on them, in every corner of the field j pieces 
of white or red rags will do well enough, if they 
can but be feen, the breadth of the field. And as 
you walk over the field, confider how it may moft 
commodioufly be divided into triangles or trapezi- 
^ ums, fo as to be eafieil meafured. It muft be fo 
divided, that you may fee from one end to the o- 
ther, of any diagonal of a trapezium, or bafe of a 
triangle \ and likewife fee the tops of the perpen- 
diculars, which muft fall within the figure. Here 
the field is divided into two trapeziums FCDE and 
FCBG, and a triangle BGA. Here we might have 
divided the field into the two trapeziums ABCG 
and GFEC, and the triangle BCD \ and a great 
wany other ways. 

Having fet out the parts of the field, as you de- 
fign to meafure them -, begin at any part as FF DC, 
and meafure along the diagonal FD, till you come 
at the perpendiculars IC and HE, which I have 
flicwn how to find in the lail Prob. there put flakes 

C in. 
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Fig. in. When the diagpoal FD is meafured, and fet 
14. down, go to E and meafure £H> and then IC, and- 
fet them down ; and then you have the firft trape- 
zium. 

Being at C, meafure along the diagonal CG of 
the trapezium CFGB, till you come at the per- 
pendiculars LB, KF, to fet marks> whofe places 
are found as before ; then meafure to the end, and 
4et down the diagonal; then go to F» and meafure 
the perpendicular FK, and then LB, and fet them 
down. So you have the fecond trapezium. 

Being at B, meafure along the bafe BG to the 
perpendicular NA, and put in a ftake at N. Then 
meafure to G, and fet down the bafe BG, and laft- 
ly, meafure the perpendicular AN, and fet it down^ 
K) you have the triangle BGA. 

The refult of the work. 

1. trapezium. 

The diagonal — iiM 

1 perpendicular — — - 3.54 

2 perpendicular — - — 2.52 

2. Trapizium. 

The diagonal ^— — 12.00 
. peTKodicular _ 4-47 . 

a perpendicular — 3.7a 

Triangle. 

Bale — i — IQ.56 

Perpendicular — • 3.3a 

■, 1 . *" " " * ' ■ ■ 

In tneafuring any of the lines, take* care to go 
very ftrait ; otherwife the perpendiculars will be ei- 
ther too fliort or too long, by going out of the line. 
But when the perpendiculars are n^ar together, as 
HE, IC, tJie going out of the line caufes little er- 
ror^ becaufe one gains what the other lof^. 

When 
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When the perpendiculars are not yery long, the Fig. 
piaces where the perpendiculars fall may be take^ 14* 
tirue enough by the eye, without an index; for, a 
fmall error in the place, makes no fenfiblc diffe- 
rence in the length. 

Otberwif^ thus. 

Let ABCDE be a field •, from any angle of the j^^ 
field as D. (from which all, or moft of, the other 
angles maj be feen), fuppofe lines drawn to the o- 
thcr angles, as A and B 5 which will divide the 
whole field into triangles ; and marks being placed 
at thefe angles •, take an eye draft of the field, thus 
divided into triangles. Then meafure all the fides 
of every triangle, and'^fct them down in the draft, 
along their refpeftive lines. Thus, nieallire DE, 
EA, AD, in the triangle *ADE ; thenDB, BA, in 
th^ triangle ABD, tlien. BC, CD in the triangle 
BDC. Haying got all thefe meafures, every tri*^ 
angle may be drawn upon paper one by one, and^ 
fo the whole field will be laid down. And youu 
rough draft will inform you, how to join the trian* 
gles together. 

If the other angles caiinot be feen from any an- |g^ 
gle, then you mud cake a point about the middle 
of the field as F, from which all the angles A, B», 
C, D, 'E, can be feen. And fetting up marks ^t; 
thefe angles, and fuppofing lines drawn to theoi 
all from F, take a rough draught of the field a$ 
ufual. Then meafure ail the fides of every trian-: 
gle one by one, and write down ^their lengths, as^ 
you meafure them, along their correfpondent fidc$ 
in the draft. And. then they iHay be all laid down 
on paper as before. 

ffotBy the fewer triangles there are, the fooncr 
they are meafiircd •, aqd therefore it is fodneft donCj^ 
When the ficldl i3v divided into triangles from foaac ; 
angle, as in the iormer method. For the leaft num- 
ber /c^ triangles, any field can be divided into, is 

C 2 left 
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Fig. lefs by 2 than the number of fides of the (igur^^ 
1 6. when the divifions run from an angle ; and the di- 
agonals lefs by 3. But when the divifion is made 
from a point within ; the number of triangles, and 
number of lines, is equal to the number of fides. 

For proof of the work, fome line or diagonal, 
(hould be meafured over and above. 

If you have not a rough draft, meafore round 
the field, AB, BC, CD, &c. and fet them down 
in a table. Then meafure the diagonals AD, BD, 
which fet down in a table ; or meafure FA, FB, 
FC, &c. and fet down. But take notice what way 
you go about the field. 

P R O B. XIV. 

Tofurvey any f eld hy the plain table. 

ic. Set up marks at every corner of the field,. 
ABCDE, except the corner, where you take your 
ftation: Therefore choofe fuch an angle for your 
ftation, from which you can fee all the other an- 
gles. Then put a cliean Ihcet of paper upon your 
table *and fix it at the angle D, fo that the needle, 
if it have one, may hang juft over the flower- 
de-luce. Then apply the index to D„ and direft 
the fights to E, and by the edge of the index, 
draw the obfcure line DE upon the paper ; mea- 
ftire DE, and fet it off (from your fcale) from D 
to E. Then turn the index about, till thro* the 
fights you can fee A , the fide of the index ftill 
being at D. Then draw the line DA j meafure the 
diftance, and fet rt from D to A. In like manner 
dired the fights to B, C, &c. and draw lines upon 
your paper •, and meafure the diftances DB, DC, 
8eic. and fet them from D to B, C, &c. upon the 
paper. Laftly, draw the fides of the field DE, E A^ 

AB, BC and CD s fo your draught is finilhed. 

» 
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Otberwife thus. i6 

When there is no angle from which all the reft 
can be fcen, take a ftation in the middle of the field, 
as at F ; from whence all the angles can be feen. 
Then fet up marks at every corner, and plant the 
table at F; and turn it about till the needle hangs 
over the flower-de-luce, and there fix it. Then place 
the index on the point F, and dire6t the fights to 
A, and draw an obfcurc line by the edge of the in* 
dex upon the paper. Then diredl the fights to B 
f ftill keeping the edge ofnhe index clofe to FJ, and 
draw a line. In like manner direct the fights to 
C, D and E, and draw lines to C, D, E. Then 
meafure all the difl:ances, in this order FA, BF, 
FC, DF, FE 5 and with your compafles fet the dif* 
tances on their proper lines from F to C, D, £ ; 
and laftly, draw the boundaries of the field AB, 
BC, CD^ DE, EA. 

Or tbus^ iy going round the field. 

Suppofe ABCDE a wood or pool of water. Plant! 15. 
the table at A, and chufing a point on the paper 
near the edge as A, lay the index upon A, and di- 
red the fights to £, and draw a black line as AE ; 
then meamre the diflrance AE, and fet it from A to 
£ on your paper. Then the table remaining fixt, 
turn the index about, and direct the fights from A 
to B, and draw a line as AB ; meafure the diftance 
AB, and fet from A to B on the paper. 

Then remove the tabic to B, and lay th^ index 
upon the line BA ; and turn the table about, till 
thro* the fights you fee the mark A. Then fix iti^ 
and direct the fights from B to C, and draw the 
line BC ; then meafure it, and fet it from B to C 
on the paper. 

Then remove the table to C, and laying the in- 
dex on the line CB, turn the table about, till you 
fee the mark B ; then diredt the fights from C to D, 

C 3 and 
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Fig. 

18. Oiherwiffj by going round tbefi^ld. 

19. Place the inftrumcnt at any angle A, and di- 
reft the index to B, and from the center of the 
paper draw the line i, the fanic way from the 
center that B lies from A. Screw the index faft 
upon the line 1, and remove to B, and as you go, 
meafure AB, and write its length on the line i. 
Then fix the inftrument at B, and turn it round 
till the index (by backCght) point to A ; there fcrew 
the table faft, and direft the index to C, and draw 
the line 2 by its edge upon the paper, to lie the 
fame way from the center, that C lies froRi JL 
Then fcrew faft^hp indcjc to the line 2, arid re- 
move to C, and as you go along meafyrc the fide 
BC, and write its length on the line 2. Fix. the 
inftrument at C, and turn it round till the index 
point backward to B ; then turn the index to D, 
and by its edge draw the line 3, and fcrew it faft. 
After this manner proceed to all the angles D, E, 
F, G ; always obferving, to fix the index upon the 
line laft drawn, and when you come at the next 
Jingle, to fix the inftrument, that the index may 
point backward to the laft ftation, and then direft 
the index to the next ftation -, and in going along, 

- meafure each fide, and fet it upon its refpeftive 
line in the paper. And note, at the laft ftation G, 
^he index ought to point to A :f the work be right. 
Here AB is 13.10, BC6 :b\ CD 17,75, DE 10.32, 
EF 10.45, FG 9.0c, GA 8.15. And all the lines 
I) 2, 3, &c. will be parallel to the refpedlive lines 
AB, BC, CD, &c. , 

Scholium. 

I might now fliew how to furvey a field by the 

, theodelite, circumferentor, femicircle, geodetical 

ftafF, &c. but as thefe inftrument? are purely tor 

taking angles, the method whereof has been Ihewn 

in the firft Problem 5 therefore no particular di- 

reftions 
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reftions need be given further for that purpofe.Fig. 
And when thefe inftruments are fit to be ufed, will ig. 
be ftiewn in the following Problems, wjherein are 
explained the different methods of furveying any 
^cld or parcel of ground. 

P R O B. XVi, 

' To furvey a Field at onejiation^ by meafuring fev&rid 
lines. 

Chufe fome angle in the field for your ft^tion, 20. 
from whence you can fee all the I'eft of the angles, 
as at S. Then fet up ftation ftaves or marks at e- 
very corner A, B, C, &c. Then placing the in- 
ftrument at S, whether it be a Theodolite, Semi- 
circle, Geodctical ftaff, &c. it is the fame thing 5 
direft the fixt fights to A, and there fix the inftru- 
ment ; then direft the index to B, fo that thro* the 
fights you may fee the mark at B ; and the degrees 
cut by the index, will (hev^^ the angle ASB, which 
fet down in the field book. Then direft the inde^ 
to C, as before ; and the degrees cut will fliew the 
angle ASC, which fet down. In like manner take 
the angle ASD, and the reft, if there be more, 
and fet all down. And this way is more exadt, than 
taking the angles ASB, BSC, CSD, &c. 

Then with the chain meafu're the fides and dif- 
tances in this order S A, BS, SC, DS ; fetting them 
down In the field book, or writing them on the lines 
in a rude draft of the field. 

Or tbusy from a point within. 

^A7hen all the angles cannot be feen from any one 21. 
of the angles of the field ; affume fome ftation S 
within the field, where the angles can all be feen \ 
there place the inftrument at S, and direfting the 
fixt fights to A, there fix the inftrument, and di- 
reft the index to B, and turning . it round, till 
thro' the fights you fee the mark at B, obferve the 

degrees 
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Fig. degrees cut by the index, for chat is the angle ASB, 

21. which fee down in the field book^ or in a rude draft 
of the field. Then the inftrument remaining fixt;^ 
dired the index to C, and the degrees cut, fliew 
the angle ASC. In the fame manner dired the in- 
dex CO all the other corners D, £ of the field } and 
you will get all the angles about S, meafured from 
the firft line S A, which fet down. And this is more 
cxa&, than taking the angles ASB, BSC, &c. fin-, 
gly. But with fome inftruments you cannot take 
the aisles quite round from the line S A ; and there- 
fore ]^ou mull then take the angles ieparate^ ASB, 
BSC, CSp, DSE and ESA. And to prove the 
work, the fum of all theie angles ought to be equal 
to 360 degrees. But if the ftation S happens to be 
upon an eminence, the fum of all thcfe angles will 
be fomething lefs than 360 degrees. 

Having got the angles, mewire all the diftances. 
SA, SB, SC, &c. with the chain. And it is quick*- 
eft to meafurc in this order, SA, BS, SC, DS, SE ; 
that is, from the inftrument to the firft comer, and 
back from the fecond corner to the inftrument, and 
fo on* Still one from the inftrument, and another 
to it* Then thefe diftances muft all be fet down in 
your book or draft. 

Oiberwifcj by meafuring round the field. 

22, Take your ftation, if you can, in an angle or a 
fide ', let it be at £• Then marks being placed at 
A, B, C, D *, and turning the fixt fights to A, fix 
the inftrument ; and direct the index to B, and the 
degrees cut will ftiew the angle BEA, which note 
down. Then turn the index to C, and then to D, 
and note down the degrees cut, which are the angles 
AEC, AED. 

Then meafure with the chain all the fides EA, 
AB, BC, CD, and DE ; and fet them down. 

Here 
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Here if you take all the angles atE fcparate, the Fig, 

fum of th^m all muft be equal to the angle AED^ 22. 

if the work be right. You muft note whether the 

angles^atB, C, E, be ac^te pr obtufe. 

In all thefe methods, care muft be taken that the 

inftrument be not moved out of its place, while 

you are workings for if it be, your angles will not 

be true. 

P R O B. XVII. 

^0 furvey a fields by meafuring but one line^ and 
taking the angles romd akout. 

Let ADF be the field ; fet marks up at all the 23. 
corners F, A, B, C, D, E ; and chufe fome fide» 
or fome diagonal or line, to be meafured, fuppofe 
AF. Then place tfac inftrument at F, and take 
the angles AFB, RFC, CFD, DFE ; and note them 
down. Go to A, fnd take the angle FAB, In 
like manner going round the field, take the angies 
FBC, FCD, FdE; laftly meafure FA. Then thefe 
trian^s may be laid down upon paper, one after 
another, beginning at the triangle FAB. 

In like manner any other line, as FB or FC, may 
be meafured infte^d pf FA ; and then the triangle 
FfiC or FCD muft begin the operation. 

Or thus J from ajtation in the field. 

Aflume the ftation S, and let FS be meafured. 24. 
Place the inftrument at S, and take all the angles 
round S, ASB, BSC, CSD, DSE, ESF, and FSA. 
Then go round the field, and>take the angles SAB, 
SBC, SCD, SDE, SEF, and SFA. From thefe, 
the field may be laid down, beginning at the trian* 
gleSFA. 

And any line AS,. BS, &c. may be meafured, 
^ inftead of FS ; if AS be meafured, then the con- 
ftrudion muft begin with the triangle ASB. 

Thefe 
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Fig. Thcfc methods arc fubjefl: to errors, e^ecially 
when the number of fides is very great. 

P R O B. XVIII. 

7> fwrvey a fields by the method of circulation j or 
going round if. 

25. Let ABCDE be the field. In this cafe we mufl: 
reduce the field to as few fides as we can ; and 
therefore where there are any finall bendings, as in 
crooked hedges, we muft uke offsets by Prob. III. 
Therefore pitch upon the ftations, a^ b^ r, d^ Cj as 
near the hedges as you can conveniently come ; 
and at thefe places fet up fiiation Haves with marks. 
Begin at fome angle as a^ and placing the inftru- 
ment there, take the angle eab^ which fet down in 
the field book. Then meafure from atob^ and 
in going, take the offsets at a, and at /, ^, b^ /, 
and at ^, and note them down in the field book, 
and the length ai. Then place the inftrument at 
by and take the angle r, and note it down ; 
and then meafure from b to c*^ and in your way, 
take the offset at b^ and where you touch the hedgQ 
at ib, and the offset at ci and fet them down. . 
Then at c place your inftrument^ and take the an- 
gle bcd^ which write down ; and then meafure cd^ 
taking the offsets at c and d^ which write down. 
Again place the inftrument at d, and take the an- 
gle cdcj and fet it down, and the offset at d^ Then 
meafure from dtoe^ and as you go, note the'^ 
point /where you touch the hedge, and the offsets 
at m and e ; and fet all down. Then fet the in- 
ffrument at ^, and take the angle de^, and fet it 
down, take the offset at f, iand meafure from e to 
tf, being k ftreight hedge, and take the offset at a* 1 

Set all down, and your work is finifhed. " 

' i 

In 
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In your book you muft notp which are inward, Figi 
and which are outward angles. And to prove your 25. 
work, add all the angles together, and the fum 
^ill make twice as many right angles, abating 4, 
as the field' has fides, if the work be right, 
* When there are many angles or fides in a field, 
this method is fiibjedl to errors i therefore 'it Ihould 
tiot be applied, where there are riiore than 6 fides; 
or at leaft the field ftiould be reduced to that num- 
ber i for the fewer fides, the more exaft the work 
will be. For when the number of fides is very 
great, the error is multiplied with the number of 
fides, becaufe every angle is taken from a different 
line ; and for that reafon the draught will never 
clofe. For when all is laid down the laft point 
Ihould fall upon the firft, for we end where we be- 
gun ; and when the plan does not anfwcr that, it 
muft be wrong. 

' When' you cannot get an internal angle ton- 
veniently, produce one of the fides without the 
field, and take the external angle. And if all the 
angles be taken externally, the fum. of them all 
ought to be equal to 4 right angles. And if a 
fide cannot be meafured direftly, it may be done ' 
by the method of taking inacceffible diftances, in 
the laft Seftion. 

If you make ufe of the circumferentor for taking 
angles, you need only place it at every other an- 
gle. And the like for any inftrumcnt, where a 
needle is made ufe of. 

OtberwifCy hy tb€ needle. 

When the number of angles of any piece of 
ground is very great, the method of circulation, 
by taking the angles round it, is imprafticable, 
becaufe there is no fixt line to take thefe angles 
from. In this cafe the needle niay be brought in, 
to our afliftancc. And here we have no more to 

do. 
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Fig. do, bat to gd frotri angle to angle, and take the 
beafirrgs of all the fides, or tKe angles they; make 
vnth the meridian > and to meafure the leogths o£ 
the fides. 

26. Let ABCDEFGH b^ fonie thick wood or pk)oI 
of water, which we cannot furvey within. Here 
we muft take all the boundaries on the* outfide^ 
and reduce it to as few fides as we can, for greater 
exaftnefs ; as in this fields where we have but 5 
ftations i but then we Ihall have the more offsets 
to be meafurcd. Therefore having fet up marks at 
ay hj Cj dj fy where we take pur ftatioris ; begin 
at any pneas ^ , aild placing the cqmpafs and needle' ^ 
there, fo that the needle may hang over the flower* 
de-luce, take the bearing of the line ai^ and fet 
down what angle it makes with the meridian, and 
which way it lies in reJpc6b of E. W. NJ or S. 
Then mealure the length ak to the next fiatioii, and 
in going, take the offsets at j, s^ /, and where it 
touches the corner at B j and fet all down. Then 
place the compafs at ^, and caufe the needle to hang 
over the flower-de-luce j there fix it, and take the 
bearing, of the next ftation f, or of the line 
ic i and then meafure ic^ and then take the o&ets 
at J>, /, by i, and where it touches the corner at 
C ; and fet thefe down* Thep place the com* 
pafs at Cy dy and e fuccefllvely 1 una take the hear- 
ings of cdy dcy tay as befot^ % ^^d the ofi^ets ' at 
ky E, dy and at m, », F^ pyQ\ alfo at the comers 
H and A •, and fft them all down in the field book, 
and the work is.done. ; 

Care muft, by taken, that there be no iron nisar 
the needle, for that will make it deviate from the 
meridian.. And the inftrument need only be placed 
at every other angle, but then you muft take the 
bearings vboth ways, that is, of both Tides of the in- 
clofed angle, the one forward, the other backward. 

When 
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When the furvey is done, if you lay down evctyFig. 
diftance fingly, and the bearing, upon paper ; and 26. 
from thence get the eafting, wefting^ northing or 
fouthing, and put them inta diilmdb columns ; 
then the fum of the eaftings and of the weftings 
mutt be equal. And the fum of die northings e« 
qual to the fum of the fottthing$ i if the wo& be 
right. For it is no more than working a trareffe 
on the land, by plain failing, as it is pradifed at 
fck. 

Tho' this method is not to be relied on, or ufed, 
but in cafes of neceiBty, where there is a great 
number of angles to be taken» by reafon one can- 
not take an angle with the needle, to any gr'eat 
exa£hiefs } yet there is^ no greater error in taking 
oAe angle, than there is in taking 20, becaufe they ^ 
are all taken from the meridian^ and therefore are 
independent of one ^anoither. But if it was po(^ 
fible to take an angle as exaftly with the needle 
as with another, inftruntent, it wouki be the belt 
inftrumcnt to furvey with. And as it is, it has the 
advantage of odi«r inftnimcnts in fuch cafes where 
the number of fides is very great. The main dif- 
ficulty is, to fix the inftrumeat right by help of 
the needle, by which it is to be placed truly in the 
meridian; and to help this, the needle mtaft be 
made very longhand, be well touched. In ufing 
other inftruments, they are Bxty by direding the 
index to the laft ftation, which admits of greater 
eita(5lneis. Foriall inftruhients with a needle, ^nd 
alfo the plane table, whether it has a needle or 
not, require at every ftacion ta be placed in thji 
fame pofition, in refpeft to the meridian, thro* all 
the operations, which is* hard to^ do ; for a tididle, 
tho' never fo fpdd^ will not always ftanA at the 
very fame point* - . ; '^ 

P R O B. 
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P R O B. XIX. 

Tofurvey afield at twofiations mafuring only oHe 
line^ which is the flat ionary diftanee. 

.27 Choofe two ftattons S and T, ill the field, 
from whence all the angles can be feen. Then . 
fet up ftation ftavcs there, and at evefy angle, with 
dreamers of different colours on them. Then place 
the inftrument at one ftation S, and direfking the 
fiyt fights to the other T, there fix the inftrument ; 
then direfting the index fucceflively to the feveral 
ancles in order, take the angles TSA, TSB, TSC, 
TSD, TSE, TSF; and number them i, 2, 3,' 
4, &CC* for diftin^tion, and write them all down. 
And the marks at thefe different angles, ought 
all to be different, to diftingui(h them one from 
another. Then go to the fecond ftation T» 
and direding the fixt fights to the firft ftation S, 
fiX, it there ; and directing the index to the feve- 
ral angles, in the fame order as before, take the 
angles STA, STB, STC, STD, STE, STF ; and 
number them, and fet them all down as before. 
To take the angles in the fame order, you ought 
to know them from one another by the marks ; for 
if you do not know which is whiich, all your work 
will be confufion. And as you go from one ftation 
to the other, meafure the ftationary diftanee ST, 
Then if all thefe angles be laid down upon paper, 
and lines drawn, the correfpondent lines will inter- 
fedt in the angles or corners of the field A, B, C, 
&c. Then draw the lines AB, BC, CD, &c. 

If the plane talk is ufed. 

Draw the ftatiqnary line ST on the table, and 
fetting the index to the line ST, direft it to T, and 
fix the table there \ and laying the edge of the index 

to 
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to S, dire£b it fucceflively to all the angles A, B, C,Fig. 
&c. and draw lines from S by the edge of the in- 27. 
dex. Then go to T, and meafure the ftationary 
diftance ST, which fet off upon the table. Lay 
the index upon the line ST, and dired it to S, and 
fix the table fo* Then lay the edge of the index 
to T, and direft it fucceffively to the fame angles 
A, B, C, &c. and draw lines from T as before ; . 
and note where the correfpondefit lines (or thofe 
drawn to the fame angle), interfeft i for thefe will 
be the ieveral angles of the field. 

The two ftations S and T may be fometimes ta- 28, 
ken in one of the fides, as in F£ ; and then there 
will be fewer angles to take. Or they may be ta* 
ken out of the field, as at s and /, as when one iis 
not admitted to come into the ground. And it will 
Ihorten the work, if one or both ftations are taken 
in the production of the fides of the figure, as here, 
in AF and D£ ; and likewife if two of the angles 
fall in the fame right line, drawn from either fta* 
tion. 

Noie^ the corners of the field thus determined 
by the interfedion of lines, will be trucft, when 
they interfedt the neareft to right angles. But when 
they cut very obliquely as at A, fuch intcrfeftion 
will not give the point exaftly ; and therefore it 
would be better to meafure one of the lines, as S A 
or TA. And the error of interfeftion will be reci- 
procally as the fine of the angle SAT, ceteris pa- 
ribus. 

If it happen that fome angle cannot be fcen from 
one of the ftations ; then fet up a ftake for a mark, 
in the midway between the ftation and that angle, 
to ftahd in a right line ; which may foon be done 
by an inftrument, placed at the ftake, taking back- 
fight and forefight. Or take a new ftation, fo that 
-the angle or angles wanting, may be feen from this 
and one of the others, and proceed as before. 

D Thus 



^ 
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Fig. Thus a map of the chief places in a town may 
^15. made -, or any part of a river furveyed, &c. by ta- 
king two ftations^ on two towers, or two high hills ^^ 
and thus inacceffible places ,may be meafured by 
means of fcaflfolds ereftcd, and fixing high poles 
at the angles^ with flags of different colours flying 
in the ain 

Rut in fuch cafes, it is beft to have but a few 
"poles up at once, as half a dozen ; and when the 
places of thefe'are determined on the draught, fix 
them up in freih places; and fo as many places 
as you will, may be determined, by taking a few 
at a time, and repeating the fame work. 

In ufing the plain table, it fometime happens that 
the lines run off the table ; in this cafe, move the 

Eaper fo far off the tabic, that the laft ftation may 
e a little way upon it. Then take a frefti (heet of 
paper and glue it to the other, at that fide with, 
mouth glue, and fo fatten them down. Then lay 
a ruler upon that ftation and the ftationary line, 
and prolong it upon the frefh papfcr. Then lay the 
^ndex upon the ftationary line, and turn the table, 
till thro' the fights you fee the laft ftation ; there 
&x it, and proceed. 

P R O B. XX. 

By means of feveral Jiations^ tofurve^ a large com" 
pton^ a river J a part of a country ^ or any hilly ground. 

. When all the angles of a field or parcel of ground, 
or all the objedks we want to obferve, cannot be 
feen from one place ; then we muft take fo many 
ftations, as will fucceffively difcover them all to us. 
29. Let ADG be a large common, or part of a 
country; and A, B, C, D, E, &c. the angles or 
boundaries of it, or any remarkable objeds in the 

country^ 
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country, as trees, towers, houfes, mills, &c. TakeFig;^ 
the nations S, T, V, &c. upon fome hills or c- 29. 
minent places, from which all the angles 01* objedts 
can be feen, and at all the places and ftations, fet 
up long poles with niarks. Suppofe the objefts 
K, L, A, B, C can be feen from S; place the 
inftrument at S the firft ftation, and diredl the fixe 
fights to the fccond ftation T, and there fix the 
inftrument. Then take all the angles round S, 
as TSK, TSL, TSA, TSB, TSC; and meafure 
all the diftances SK, SL, SA, SB, SC, and the 
ftationary diftance ST ; and fet all down. But in 
the plane table, fix the table and direfl: the index 
from S to T, and draw the ftationary diftance ST. 
Then dircft fucceflively from S to K, L, A, B, C ; 
and draw lines on the. table. Then meafure the 
diftances SK, SL, SA, SB, SC, and ST, and fet 
them all upon their proper lines. 

Then remove to your fecond ftation T, where 
yow can fee the objeds D, E, F, 1. Direft the 
fixt fights to the former ftation S, and fix the in- 
ftrument ; then take all the angles from ST, as 
STD, STE, STF, STI -, and to the next ftation 
STV, and meafure the diftances TD, TE, TF, 
TI, and TV, and fet all down. Or in the plane 
table, lay the index on the ftationary line ST, and 
keeping it there, turn the table about, till thro* 
the fighjCs you fee the former ftation S, there fix it. 
Then diredt the index to all the places D, E, F, I, 
and V ; and draw lines, on which fet the diftances 
as before. 

Then go to a third ftation V, where you can, 
fee the objefts G, H. Then placing the inftru- 
ment at V, direft the fixt fights to T the for- 
mer ftation, and fix the inftrument, and take all 
the angles from TV, as TVG, TVH, and to the 
next ftation, if there be any more^ and meafure 

D 2 the 
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Hg* the diftanccs, VG, VHj'and fct all down. But 
29. in the plane table, lay the index on the laft fta- 
tionaiy liijc VT, and turn the table about till the 
.former (latiort T appear thro* the fights, there fix 
it. Then direft the index fucceffively to G and H, 
•and draw lines, on which fct the meafured diftances, 
VG, VH as before. 

And in general when any ftationary line is drawn 
on the table, and you come to a new ftation, lay 
the index upon that ftationary line, and turn the 
table, till thro* the fights you fee the ftation laft 
come from, and there Icrew it faft, and proceed. 
. And after this manner, if there be more objefts 
undetermined, you muft take hew ftation?, and fo 
proceed, till all is fiqiOied. 

Then from all thefc angles and diftances given^ 
the whole work is eafily laid down by rule and 
compafs, and the plan or map defcribed. But when 
it is taken by the plain table, it is defcribed al- 
ready, by the operations on the table. A nd if it 
be a field, lines muft be drawn from A to B, from 
B to C, &c. 

, At every ftation when the inftrument is fixt^ take 
care it be not moved out of its place, till all the 
work at that ftation be done ; which you may know 
by obferving fome remarkable objeft thro* the fixt 
fights i for that objeft ought always to appear there. 
Or on the table by drawing a line 5 or making a 
mark, by the edge of the index. For then the 
kidex being laid to that mark, that objedt ought 
always to appear thro* the fights. 
. If there be fome of the objedls which cannot be 
fecn from any of the former ftations, then new 
ftations muft be taken from which they can be feen. 
Rcmembring to take their diftances, and angles 
(or pofitions^, from fome of the other ftations. 

If 
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If fome of the obj^ds can be feen from twoFig. 
adjoining ftations, as 1 from both T and V, then 29^ 
the angles may be taken from both ftations CITV 
and J VT) ; which will fave the labour of rnea- 
furing to fuch objefts, the diftances TJ, VI,. 

In the plain table, when any ftation line runs oS 
the table, take off the paper and glue another pa- 
per to it with mouth glue ; on this produce tnat 
ftation line to its proper length. Then faften the 
paper on the table, with the former ftation near 
jthe edge of the table 5 and laying the index ori 
the new ftationary line, turn the table about, till 
you fee the laft ftation come from, thro' the fights i 
there fix it and proceed. 

It will be proper always to take an eye draught 
of the field or country, upon paper, before you 
begin your work. And all your meafures muft be 
written down in this rough draught. Or elfe they 
riiuft be written regularly in ^ field book on purpofe- 

« V ' 

P R O B. XXI. 

Tofurvey a lordjhipx or large eJiaU of land: 

If the eftate be very large, and contains a great 
number of fields ; it cannot be done by furveying 
all the fields fingly, and then putting them toge^ 
ther ; nor can it be done by taking all the angles 
and boundaries that inclofe it. For in thefe cafcs,^ 
any fmall errors will be fa multiplied as to render 
it yery much dittorted. 

I. Walk over the lordlhip two or three times^ 
in order to get a perfeft idea of it, and till you can 
carry the map of it in your head. And to help 
your memory, draw an eye draught of it on paper,, 
to guide you, or at leaft, of the principal parts* 
pf it- 

D 3 2, ChQofc 
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Fig. 2. Choofc two or more eminent places in the 
29. cftate, for your ftations, from whence you can fee 
all the principal parts of it ; and the fewer ftations 
you have to command the whole, the more exa<5t 
your work will be ; and let thefc ftations be as far 
diftant from one another as poffible ; and they will 
be fitter for your purpofe, if thefe ftationary lines 
be in or near the boundaries of the ground, and 
cfpecially if two lines or more proceed from one 
ftation. 

3. Take what angles, between the ftations, you 
j:hink neceffary, and meafure the diftances from 
ftation to ftation, always in a right line ; thefe things 
muft be done, till you get as many angles and lines 
as are fufEcient for determining all your points of 
ftation. And in meafuring any of thefe ftationary 
diftances, mark accurately where thefp lines meet 
with any hedges, ditches, roads, lanes, paths, ri- 
vulets, &c. and where any remarkable objeft is 
placed, by meafuring its diftance from the ftation- 
ary line ; and where a perpendicular from it cuts 
that line. • And always mind, in any of thefe ob- 
fervations, that you be in a right line, which you 
will know by taking backfight and forefight, along 
your ftationary line ; which you muft never omit. 
And thus as you go along any main ftationary line, 
take offsets to the ends of all hedges, and to any 
pond, houfe, mill, bridge, &c omitting nothing that 
IS- remarkable, and all thefe things muft be noted 
down, for thefe are your data^ by which the places 
of fuch objefts are 10 be determined upon your 
plan. And be fure to fet marks up at the interfec- 
tions of all hedges with the ftationary line, that you 
may knov/ where to meafure from, when you come 
to furvey thefc particular fields, which muft imme- 
diately be donejL ^s foon as you have meafured that 
ftationary line, whilft they are fre(h in memory, 
Bv this means all your ftationary lines arc to be 

meafured. 
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meafured, and the fituation of all places adjoinkigFig.' 
to them determined, which is the firft grand point 
to be obtained. 1 would have you lay down your . 
work upon paper every night, when you go home, 
that you may fee how you go on/ 

4. As to the inner parts of the eftate, they muft 
ly determined in like manner, by new itationary 
lines. For after the main ftations are determined^ 
and every thing adjoining to them ; then the eftate 
muft be fubdivided into two or three parts by new 
ftiationary lines ; taking inner ftations at proper 
places, where you can have the beft view ; a;id 
meafure thefe ftationary lines as you did the firft^ 
and all their interfedtions with hedges, and all oiF- 
fets to fuch objecSts as appear -, then you may pro- 
ceed to furvey the adjoining fields, by taking the 
angles that the fides make with the ftationary line, 
at the interfedions, and meafuring the diftances td , 
each corner, from the interfedlions. For every fta- 
tionary line will be a hafis to all the future opera* 
tions ; the fituation of all parts being entirely de- 
pendent thereon ; and therefore they (hould be ta- 
ken as long as poflible -, and are beft to run along 
feme of the hedges or boundaries of one or mord 
fields, or to pafs through fome of their angles. All 
things being determined for thefe ftations, you muft: 
take more mner ftations, and continue to divide 
and fubdivide ; till at laft you come to finglc fields •,. 
repeating the fame work for the inner ftations, as 
for the outer ones, till all be done. And clofe the 
work as oft as you can, and in as few lines as pof- 
fible. And as it may require fome judgment to 
chufe ftations the moft conveniently, fo as to cauJc 
the leaft labour ; let the ftationary lines run as far as 
you can along fome hedges, thro* as many corners 
of the fields, and other remarkable points, as you 
can. And take notice how one: field lies by ano- 

D 4 t>eri 
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Fig.ther; that you may not mifplacc them, in the 
draught. 

5. An cftatc may be fo fituatcd, that the whole 
cannot be furvcyed together ; becaufe one part of 
the eftate cannot be feen from another. In this cafe^ 
you may divide it into three or four parts^ and 
furvey the parts feparately, as if they were lands 
belonging to different perlons ; and at laft join theth 
together. 

6. As it is neceflary to protaft or lay down your 
work as you proceed in it, you muft have a fcalc 
of a due length to do it by. To get fuch a fcale» 
you muft meafure the whole length of the eftate in 
chains ; then you muft confider how many inches 
long the map is to be ; and from thefe you will 
know how many chains you muft have in an inch, 
znd make your fcale, or chufe one already made^ 
accordingly. 

7. The trees in every hedge row muft be placed 
in their proper fituation, which is foon done by the 
plane table ; but may be done by the eye without 
an inftrumcnt 5 and being thus taken by guefs, in 
a rough draught, they will be exaft enough, be- 
ing only to look at ^ except it be fuch as are at any 
remarkable places, as at the ends of hedges, at 
ftiles, gates, &c. and thefe muft be meafured. But 
all this need not be done till the draught be Boifti- 
ed. . And obferve in all the hedges, what fide the 
fitter is on, and-ro whom the fences belong. 

8. When you have long ftations, you ought to 
have a good mftrument to take angles with, which 
flxould be exaft to a quarter of a degree at leaft ; 
and hardly any common furveying inftrument will 
come nearer. And tho* the plane table is not at all 
a proper inftrument to furvey a whole lordftiip with ; 
yet itlnay very properly be made ufe of, to take 
th^ feveral ftnall internal parts j and fuch as cannot 

be 
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be taken from the main ftations j and is a very quickFig, 
and ready inftrument. 

Example. 

Walking over the lordlhip^ I pitch upon the four 30. 
ftations A, B, C, D, from which I can command 
the greateft part of it, there I fet up marks. Then 
I meafure along AB, which is a right line, and the 
boundary on one fide of the land. In meafuring a- 
long, I fet down the diftances meafured, when I 
come at the corners of the fields a^ a^ a^a^ where 
the hedges come in, and likewife where I crofs the 
brook hb. Then having got to B, I fet down the 
whole length of AB. 

Next I meafure from B to Q and in my way, I 
fet down how far I have meafured when I crofs the 
hedges at r, r, r, c ; and likewife where I crofs the 
brook bh again. Thus 1 meafure forward till I come 
at C, and then I fet down the length of the ftati- 
onary line BC. 

After the fame manner I meafure along the fta- 
tionary line C A, obferving to fet down the inter- 
feftions with the hedges, as before; till I come at 
A, where I fet down the length of CA. Then 
the three points A, B and C, are determined 5 and 
may be laid down in the plan ; and all the fore« 
faid pointi. 

Being come to A again, I go from A towards B, 
smd in my way I furvey every fingle field adjoining 
to the ftationary line AB. To do which the Ihort- 
^ft way, I take the angles at every interfeftion a^ 
that the fides of e^ch field makes with the ftation- 
ary line AB 5 and then I meafure their lengths | 
by which every field is eafily laid down; In the 
fame manner I proceed from B to C, and meafure 
every field adjoining to BC. And then I go to A, 
and meafure every field in xxvj way thither. 

Next 
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Fig. Next I go from A towards D, and fet down as 
30. before, all my croflSng of the hedges -, and the 
length AD, when I come at D. And in like man- 
ner, I meafure along DC, fetting down all the 
croffings of the hedges as before, with whatever 
clfe is remarkable, as where a highway croffes at d. 

Having finiftied all the main- ftations, we mufb 
begin to make inner ftations. Therefore I take 
V and G for two ftations, being in the lines A B and 
BC, the hedges from F to G running almoft ftreight ; 
then I meamre from F towards G, and at /, I find 
a hedge going to the left, and going on to ^, I find 
another hedge going to the right j and at Z I crofs 
the burn. At 1 there is an angle, to which I make 
an offset. Going on further I come at a crofs hedge 
/ going to the right j and then meafure on to G the 
end of the ftation. Now in going from F to G, 
we can take all the angles that the fides of the fields 
make with the ftationary line FG, and then mea- 
fure their lengths ; by which thefe fields may be 
laid down on paper. 

Then I take another inner ftation at I, and mea* 
furing from A to ^, I come to the oppofite corner 
'' of the field ; then meafuring on to p^ I crofs a 

hedge ; then I proceed to my ftation I. Then I 
meafure from I to F, and take an ofi^set to n where 
the hedge croffes the brook. . Then I come to the 
corner of the laft field at /w j and then meafure to 
the oppofite corner at F, the other ftation. In your 
going from A to I, you may take the angles that 
the hedges make with your ftationary line AI, and 
meafure thefe hedges, and then they may be laid 
down. And the like, in going from 1 to F. 

All this being done, take a new ftation H, and 
meafuring from B towards H, all the hedges lie al- 
moft in a ri^ht line. So going along we come at a 
crofs hedge, and going further we come at a tree, 
in the hedge we meafure along ; going further we 

come 
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come at two other crofs hedges -, and a piece fur- Fig. 
ther we crofs the brook, going on we conie at a 30. 
crofs hedge ; going on ftill' we come at another crofs 
hedge •, all thefe hedges are to the left. Then go- 
ing on ftill further, we have a windmill to the right j 
and afterwards a crofs hedge to the left, and then 
we meafure on to the ftation H. Then meafuring 
from H towards C, we have a hovife ori the left ; 
and then go on to C. And the fields may be all 
furveyed as you go along BH and HC, and then 
laid down. And after this manner you muft pro- 
ceed thro' the whole, taking new ftations, till all 
be done. 

P R O B. XXII. 

^0 furvey a whole county^ or large traSt of land. 

1. Chufe two, three or four eminent places for 
ftations, fuch as the tops of high hills or mountains, 
towers, or church fteeples, which may be feen from 
one another ; and from which moft of the towns, 
^nd other places of note, may alfo be feen. And 
let them be as far diftant from one another as pofli- - 
ble. Upon thefe places raife beacons, or long poles, 
with flags of different colours flying at them \ fo as 
to be vifible from all the other ftations. 

2. At all the places, which you would put down 
in the map, fet up long poles with flags at them of 
feveral colours, t6 diftinguifli the places from one 
another j fixing them upon the tops of church 
fteeples, or the tops of houfes, or in the centers of 
leflTer towns. But you need not have thefe marks 
at many places at once, as fuppofe half a fcore at a 
time. For when the angles have been taken, at 
the two ftations, to all thefe places, the marks may 
be moved to new places; and fo fucceffively to all the 
places you want. Thefe marks then being fet up 
at a convenient number of places, and fuch as may 

be 
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Fig. be fccn from both ftations ; go to one of thcfe fta- 
tions ; and with an inftrument to take angles, ftand- 
ing at that (tation, take all the angles between the 
other (laiion, and each of thefe marks, obferving 
which is blue, which red, &c. and which hand the/ 
lie on ; and let all down with their colours. Then 
go to the other ftation, and take all the angles be- 
tween the firft ftation, and each of the former marks, 
and fet them down with the others ; each againft 
his fellow with the fame colour. You may if you 
can, alfo take the angles at fome third ftation, which 
may ferve to prove the work, if the three lines in- 
terfeA in that point, where any mark ftands. The 
marks muft ftand till the obfervations are finifhed 
at both ftations ; and then they muft be taken down, 
and fet up at frefti places. And the fame operati- 
ons muft be performed, at both ftations, for thefc 
frefli places ; and the like for others. Tour inftru- 
ment for taking angles, muft be an exceeding good 
one, made on purpofe with telefcopic fights ; and 
of three, four or five feet radius. A circumferen- 
tor is reckoned a good inftrument for this purpole. 
3. Andtho'it is not abfolutely ncceflary to mea- 
fure any diftance, becaufe any ftadonary line being 
laid down from any fcale, all the other lines will be 
proportional thereto. Yet fome of the lines had 
better be meafured, to afcertain the diftances of 
places in miles ; and to know how many geometri* 
cal miles there are in any length ; and from thence 
to make a fcale to meafure any diftance in miles. 
In meafuring any diftance, it will not be exaft e- 
nough to go along the high roads, by reafon of 
their turnings and windings •, and hardly ever lying 
in a right line between the ftations, which muft 
caufe infinite redudions, and create endlefs trouble 
to make it a right line ; for which reafon it can ne- 
ver be exaft. But a better way is to meafure in a 
right line with a chain, between ftation and ftation, 

over 
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over hills and dales or level fields, and all obfta- Fio-, 
cles. • Only in cafe of Water, woods, towns, crags, ^ 
rocks, banks, &c. where one cannot pafs»; fuch 
parts of the line mufl: be meafured by the methods 
of inacceflible diftances ; and befides, allowing for 
afcents and defcents, when we meet with them. 
And a good compafs that fhews the bearing of the 
two ftations, will always direft you to go llreighr, 
when you do not fee the two ftations ; and in your 
progrefs, if you can go ftreight, you may take ofF- 
fets to any remarkable places. Likewife note the 
interfeftion of your ftationary line with all roads, 
rivers, &c. 

4 And from all your ftations, and in your whole 
progrefs, be very particular in obferving fea coafts, 
rivers mouths, towns, caftl<?s, houfes, churches, 
wind-mills, water-mills, trees, rocks, fands, roads, . 
bridges, fords, ferries, woods, hills, mountains, 
rills, brooks, parks, beacons, fluices, floodgates, 
locks, &c. and in general all remarks or rarities. 

5. After you have done with your firft and main 
ftationary lines, which command the whole county ; 
then you muft take inner ftations, at fome places 
already determined, which will divide the whole 
into feveral partitions : and from thefe ftations you 
muft determine the places of as many of the re- 
maining towns as you can. And if any remain in 
that part, you muft take more ftations, at fome 
places already determined ; from which you may 
determine the reft. And thus we muft go thro* all 
the parts of the county ; taking ftation. after fta- 
tion, till we have determined all we want. And in 
general, the ftationary diftances mutt always pafs 
thro* fuch remarkable points as have been deter-- 
mined before, by the former ftations. 

6. Laftly, the pofition of the ftationary line you 
meafure, or* the point of the compafs it lies on, 
muft be determined by aftronomical obfervation. 

Hang 
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pig. Hang up a thread and plummet in the fun, and ob- 
ferve when the fliadow runs along that ftationary 
line ; and at that moment take the fun's altitude 5 
then having his declination, and the latitude ; the 
azimuth will be found, by cafe nth of oblique 
fpherical triangles. And the azimuth is the angle 
the ftationary line makes with the meridian ; and 
therefore a meridian may eafily be drawn thro' the 
map. 

Or a meridian may be drawn thro* it by hanging 
up two threads in a line with the pole ftar, when he 
is juft north, which may be known from the aftro* 
nomical tables. Or thus, obfcrve the ftar Allioth^ 
Of that in the rump of the great bear (being that 
next the fquare)-, or elfe Caffiopeia^s hip\ I fay> 
obferve by a line and plummet when either of chefe 
ftaVs and the pole ftar come into a perpendicular ; 
and at that time they are full north. Therefore twt> 
perpendicular lines being fixt at that moment, to« 
wards thefe two ftars, will give the pofition of the 
meridian. 

County furveying is by far the moft difficult 
part of furveying ; for the ftations are fo long and 
fo many, that if the inftrument to take the angles, 
be not very accurate, great errors will be commit- 
ted ; efpecially after fo many repetitions of taking 
angles, at fo many different ftations. And to mea- 
fure all the roads and diftances of places, would be 
an endlcfs labour, and belides they would not be 
cxaft ; for no road leading from one place to ano- 
ther, goes in a right line ; fo that any one of them, 
muft meafure to more, confiderably than what it 
is. Therefore I cannot find that any better me- 
thod can be pradtifed, than what is here laid down. 
For if a ftationary diftance, fufEk:iently long be fet , 
out and meafured for a bafe ; and the angles taken 
from thefe t^yo ftations, to all the places that can be 
feen j the fitu^tion of thefe places will be had more. 

exaftly ^ 
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exaftly than by any other method. But when weFig. 
go to thefe fecond ftations to take angles, more 
care is required ; and more ftill, if we go to 
third, or fourth ftations, or farther. So that we 
had need to have good inftruments to perform this. 
All this is a work of time and expence, 

P R O B. XXIII. 

To furvey a city or great town. 

, Suppofe ABCDEFG be feveral ftreets in any town 3 f . 
or city, which you want to furvey. Begin at the 
meeting of two or more of fome of the principal 
ftreets, along which you can have the longeft prof- 
pect, for getting the longeft , ftationary diftances. 
Let B be the firft flatlon ; then along thefe ftreets 
X BC and BF, as far as you can fee, caufe two men 
to ftand for marks ; or rather fet up ftation ftaves 
in wood pedeftals. Then with your inftrument 
placed at B, take the angle CBF, which note down. 
Then let the mark at F be carried to B, and the 
mark at C to D. Then you muft obferve at B a 
ftreet running off to the right ; and going along 
BC, meafuring with a chain of 50 feet long, you 
.come to a ftreet at b on the left hand, fet that down, 
and how far you have meafured ; and proceeding 
on to C, fet down the length of BC in your book 
of obfervations. 

Then planting the inftrument at Q take the 
Jingle BCD, and fet it down. Then let the mark 
at B be brought to C, and that at D to E, and 
obferve at C a ftreet running off" to the right ; then 
meafure along from C to D ; and at m you come 
to two ftreets going off, one to the left, the other 
to the right -, then meafure along to D, and fet all 
down. 

Planr 
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Fig, Plant the inftrumcnt at D, and take the angle 

31. CDE, and meafure along from D to E» and at E 

you have a ftreet going to the right, and fet all 

down. Bring the marks from C to D, and from E 

to F. 

Place the inftrument at E, and take the angle 
DEF, which fet down. Then carry the marks 
from D to E, and from F to B ; and meafure along 
EF, and you come to two ftreets at », one on the 
right, die other on the left, which fet down ; then 
meafure to F, where you have a ftreet going to the 
right ; fet all down. 

Laftly, place the inftmment at F, and take the 
angle EFB, which fet down j and at F you have a 
ftreet going to the right. Meafure from F to B, 
and in your way you have two ftreets at p, one on 
the right, and the other on the left ; fet them down 
and proceed to B ; and fet down the length FB, 
and then you arrive at B where you begun -, fo that 
part of the furvey is finilhed. 

After the fame manner the part ABFG muft be 
furveyed, taking the angles at A and B, at F and 
G ; and meafuring the diftances AB, BF, FG and 
GA. And fo you muft proceed piece by piece, by 
this method of circulation, till the whole be finiih-^ 
ed. And all the parts muft at laft be joined toge- 
ther, in their true fituations. 

Obferve in every part to take in as much of the 
town as you can at a time ; and to clofe (that is, to 
come round to the fame point again) with the few- 
eft fides or ftations you can, not exceeding 5 or 6, 
if you can help, it ; for the more fides the lefs exaft. 
Your chain muft be 50 feet long, a link to a foot. 

At every ftation, and at other places where it is 
necefTary, meafure the breadth of the ftreets, tak^ 
ing them as offsets -, and as you go along, take oft- 
fets to all remarkable places, on the right and left, 
and to all ends of ftreets, and to all turnings and 

corners j 
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corners ; and this muft be done with a rod lo feetpig- 
long divided into feet j for all thcfc meafurcs muft 3/, 
be taken^ and laid down in feet ; and fet all down 
regularly in your furvey^book. And to help your 
memory, ir will be convenient to have an eye 
draught of each part of the town, as youfurvey it; 
and always take notice what way you go about. 

Having thus taken your high ftreers^ you may 
in the fame manner proceed with the other fmaJJ 
ftreets and lanes, noting down in your book, or 
eye draught, the offsets, as you find them to the 
right or left. 

Your high ftreets and crofs ftreets being taken, , 
you muft take the meafures of the houfcs to the 
front, and the breadth of them, with your rod •, 
and the dimehfions of courts and a.leys, fetting them 
dcVn in your draught. You muft be very exaft 
and curious in taking the dimenlions of churches, 
the fteeple, the buttrefTes, &c. A nd Kkewife halls, 
inns of court, colleges, eminent houlcs, &C. 
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SECT. II. 

Of Planning or Plotting of Ground i 
and of Cqfting up. Dividing^ Re-- 
ducing^ &c. 






P R O B. I. 

To make a fcalt to ky down awf plan wtSb. 

g2. XT' 1 R S T conlider the bigneis of your fcalc, or 
' J/ how many equal parts you will have in an inch. 
Then draw the indefinite line AB, and two more pa- 
rallel thereto, the one very near. Then take what 
length you defi^n for 10 in your compaflesi run over 
the line AB, with the compaiTes, as niany of thefe 
lengths as you pleafe. Divide the firft part at A 
into 1 o equal parts ^ and at all the other points of 
divifion, write o, io» 2O9 30, 40, &c. continued 
as far as you have occafion for. And at ^he ends 
of the fcale, and at all the points of divifion, draw 
perpendiculars to AB, thro' all the three parallels, 
and the fcale is finifhed. 

The ufe is this ; take the length of any. line you 
want, to lay down, off the fcale in yoilr compaffes, 
and lay it upon any line in your plan, which you 
want it fet off upon, by fetting the compafies upon 
it I and it will reach to the point required. 

And if you want to meali^re any line upon your 
plan ; take the length of that line in your com- 
pafies, and apply it to the fcale, and it will (hew 
you the length. 

There 
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There are other fores of fcales, as diagonal fcales, Fig« 
where an inch or half an inch, is divided into loo 32. 
parts ; but thefe are fo well known, that I need 
fay no more about t^hem* 

If you have taken a furvey, and want to put ic 
into a map ; you cannot lay it down, in the bounds 
intended, without a proper fcale ; and it will be 
difficult to light of one of a jproper length already 
made ; and therefore you muft be obliged to make 
one yourfclf. 

P R O B. II. 

To projtS cr draw the plot of a triangular field. 

If the field has been meafured with the chain ( ii« 
then you have all the fides of the triangle ABO in 
chains, in your field book. Therefore draw any 
line AC for the bafe ; and take the length of it 
with your compafles from the fcale, and fet it from 
A to C. Then take the length of AB from the 
fcale, and fctting one foot in A, defcribe ati arch 
towards B. Then take the third fide BC from the 
fcale, in ybuf compares, and fetttng one foot in Q 
crols the former arch in B. Then from the point 
of interfeftion, draw the lines BA, BC ; and BAG 
ifs the triangle required. 

If the perpendicular and bafe be known, and 
cither fegmcnt AP. You muft fet off AP equal 
to that fcgment, and raife the perpendicular PB 
of the length given, and draw BA and BC. 

Otberwife^ from an angle or two. 

If you have two fides AC, CB ; and the angle 
ACB. Draw AC, and with the compafles fet off 
its length in chains from the fcale. Then by the 
protraSor, or line of chords, make the angle ACB 
of the given degrees •, and draw CB, on which fee 
off its length, (from the fcale) to B ^ and draw AB. 

E a Or 
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Fig. Or if the fide AC, and the angles A and C be 

1 1, giiren. Draw AC of its due length taken off the 

icale. Then make two angles at A and C, equal 

to thefe given ; and draw AB, CB to intcrfed in B. 

Laftly, if you have given AC, AD, DB, and 

« angle A OB. Make the angle ADB equal to that 

given. And DA, DB of the lengths given •, and 

AC equal the givea bafe. And draw BC, BA. 

Cor. Tbis is the foundation of defcribing any po- 
ligon i for they may always be divided into triangles. 
And all the triangles may be defcribed one after another^ 
as above. . 

« 

P R O B. III. 

^0 lay down the plan of any field upon piper ; from 
the meafures taken in "the field \ and plotting offsets. 

15* If the field has been divided into triangles^ and 
all the fides have been meafured with the chain ; 
as ABCDE ; where the lengths of the fides are fct 
~ down in the field book, or elfe written upon the fide3, 
in a foul draught. Draw any line DE, and from 
<he fcale let o^ its length in chains, from D to £4 
Then with the length of EA and one foot in E, 
defcribe an arch ; and with the length of DA and 
one foot in U, crofs that arch in A \ then A is a- 
nother angk of the fi^ld. In like manner having 
the three fides AD, DB, AB, by down the tri- 
angle ADB, gives the angle B. And from the 
three fides DC, DB^ BC, lay down the triangle 
DBC, and we have all the fides and angles of the 
figure. 
I g ' But if all the lines are drawn from a point within 
' * as F. Then with the three fides DE, EF^ DF, 
lay down the triangle DEF ^ and in like manner 
the triangle EAF-, then ABF; then BCF;*and 
fcftly CDF. For in each triangle, there is given 
all the three fides. 
• If 
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• If the fides and included angles are given, asKgv, 
in the figures -ABD. Drdw the line Ab of the ^o.. 
length given \ and make the angle ASB equal to^'* 
the given degrees ; drawing SB, making it of its 
due length, and draw AB ; then you have the tri- 
angle SAB. Then from the fides SB, SC and the • 
included angle BSC, or elfe ASC, you will projedb 
the triangle BSC, in the fame manner ^ as alfa 
CSD ; and fo on till the whole figure is laid down. . 
When all the fides round the figure are given^ 22. 
. and an angle oppofitc to each of them, as in the 
figure ACE. f irft draw the fide EA from the 
given angle, and fet off its length to A. Then, 
make the angle A KB equal to that given, drawing 
EB. .Then take AB in your compafles, and with 
one foot in A, crofs the line EB in 6, and draw 
AB. Then make the angle AEC or BEC equal to 
the^ngle given; and with BC in your comjpaflfes. 
and one foot in B,^ crofs the line EC in C } and 
draw BC. Then make the angle AED or CED 
equal to that given ; and take the length of CD xru 
your compafles, and with one foot in C» cro& the 
line ED in D, and draw CD *, and you have laid 
down the whole figure. But . w/^, you ought tc^ 
know whether the angles ABE» EBC, ECD bo 
acute or obtufe. 

When all the angles at one point or ftation, op» 23* 
pofite to the fides of the field are given ; and all 
the alternate angles round the field i and only one 
line FA meafured. Draw the line FA of its due 
length ; and make the angles AFB and FAB as 
given in your book, or foul draught; and the in^ 
terfciStion of FB, AB, gives the point B. Again, 
make the angUs BFG^ FBC equal to their given 
' angles, and BC, FC will interfeft in C. Proceed 
thus round the figure, to find the pQintsof ioter- 
fccti6n D and E. Butii* the ftation be taken withia 24^ 
the field at S, and FS meafuccd. Then SF,. and 

E 3 the 
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Fig. the two angles at S and F, will determine the point 

24. A. Then SA^ and the angles at S and A, will 

determine the point 6. And the like for the points 

C, D, £• And at laft you will have the whole 

figure. 

2c, * When all the fides and angles, in going round it,^ 

arc meafured, as in the figure ABCDE ; where 

4) it r, d^ e^ are the feyeral ftations. Make the 

angle eab equal to that given, and make at equal 

to its .given length. Then make the angle ah e- 

qual to' its d»rees, and h equal to its number of 

chains. In like manner make the angles icd^ cde^ 

deaj of their refpedive number of degrees ; and 

ttie fides cd^ de^ ea^ of their refpe&ive lengths in 

chains; and the figure is defcribed, all but the 

.ofi&ets. 

And to defcribe and plan all the offsets. At a 
fet oflF the diftances to the hedges at A. Alfo fet 
off, in the line aij the diftances af^ ag^ abj ai \ 
and at/, f, b^ /, raife perpendicuUrs, to ab^ of 
iheir proper lengths, all taken from the field book ; 
and at b make the offset to the hedge at B. Thei^ 
thro' A and B, and the ends of all thefe perpen- 
diculars, draw the hedge AB. Then at b and c^ 
make o&ets to B and C, and fet oS bk to k where 
. it touches the hedge \ and draw the hedge B/tG. 
Then make the proper offsets at c and i, to C and 
P; and draw the hedge CD. Again, make .an 
offset at d to D, and iet off i/, where it touches 
the hedge -, and dm^ and at i», the offset ; and at 
4 an offset to E. Then draw D/ and /E thro* the 
end of the perpendicular at iw, for another hedge. 
Laftly, fet off* two offsets from e to E, and from a 
to A, and draw the hedge EA. Then you have 
the true figure of the field laid down, 
g. Again, let AB be any ftgtionary line. Set off" [ 

from A, the diftances Ar, AJ, A/, AB, from the 
book. And on the points c^ dy /*, B, raife the * 

perpendiculars 
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perpendiculars co^ de^ fgy BA, of their due lengths^Fig. 
taken from the book ; and thro* the fends o^ e^ g^ Jb^ 
draw the hedge or boundary Aoegk And the like 
for any pthiers. 

General Obfervations. 

All the lines belonging to the fame figure mu(b 
be taken from the fame fcale, with a pair of com-. 
pafles ; and it is beft to ufe a diagonal fcale, be-r 
caufe the links can be expre0ed by hundredth parts; 
and the fcale ought to be as large as the paper will 
permit, that it may contain the whole draught, and^ 
the bigger it is, the mot'e exadly you will work.. 
AU onsets belonging to each line, muft be fee in 
their proper places, and of their due lengths, per- 
pendicular to the ftation line ; and to be taken oflT 
the fame fcale. And every line that is inclined to 
the horizon (as in a hill fide), muft be firil reduced 
to a horizontal line, before it be laid down. 

And all angles muft be laid down with a pror^ 
traftor or line of chords of a good radius. And 
thefe things muft be laid down in their proper po- 
fitions, places, and magnitudes; whether they^ 
be lines, angles, or ofisets, or any remarkable ob>*^ 
je£ts that are to be determined ; and all according' 
to the diredions ot your field book, or foul draughti,^ 
you plan it from. And all this according to the 
known rules of pra&ical Geometry. And at laft,^ 
lines drawn thro* all the points thus determined^ 
will give the true figure of the field. 

Ttf flan afield^ asfurvefd by the ififdllii^le:. 

Let PQ^be the table with the paper of obferva- ijk 
tbns; where there was but one ftation, taken in i8t 
the middle of the field. Unfold the .paper of ob- 

£ 4 fcrvation^ 
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Fig. fenration, and upcn a vacant place of the fame 

17. per, take a point S for your ftation. 1 hen lay one 

18. fide of a parallel ruler upon the line i, fet the other 
fide to the point S ; and by its edge, draw the line 

' SA, always the fame way Irom S ; that the line w 
lies from the center of the table ; and fet from S 
to A its length 16.10 chains. Then fet one fide of 
the rule to the line 2;, and the other (ide to S, and 
draw the line SB equal to 10. 12 chains. Then fee 
to-thc line. 3, and to S, and draw SC 14.6*: Then 
fet to the line 4 and to S, and draw SD 1 2.90. Then 
fet to the line 5 and to S, and draw SE 7.25. Then 
fet to the line 6 and to S, and draw SF 8.K4. Then 
fet to the line 7, and to S, and draw SG 1 4.65. 
Then draw the lines ABCDEFG A fof the field. 
. g^ But if the furvey was taken by going round the 
J * field. Let RT be the table. Unfold the paper, 
^* and chufc any point A for the beginning. Lay one 
fide of a parallel ruler upon the line i, and fet the 
other to the point A, and draw the line A6 by its 
cdgC9 to lye the fame way from A, that the line i 
lies from the center. This muft be obferved in- 
drawing all the lines ; and make A B 13.10 chains. 
Set one fide of the rule to the line 2, and the other 
to B, and draw the line BC, 6. 1 8. Set one fide to 
the line 3, and the other to G, and draw CD 1 7.75. 
Set one fide to the line 4, and the other to D, and 
draw DE 10.32* Set to the line 5, and to E, and 
4raw EF 10.45. Set to the line 6 and to F, and 
draw FG 9.00. Set to the line 7, and to G, and 
draw GA, which ought to be equal to the mea- 
fured length 8.15^ if the work is right. So your 
field is planned. 



» 
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Fig. 
PR OB. v. 

To liTf down the plot of a fields as fur v eyed by the 
needle. 

Let ACF be a field funreyed by the needle, go- 26. 
ing round about, taking the ftations at j, ^, r, d^ e. 
Thro* all the ftations draw the meridians tf«r, bm^ 
cm^ dmy em^ as you come at them. Then begin- 
ning at tf, make the angle mab equal to the bearing 
of the fide abj north-cafterly, and thereon fet its 
length in chains to b. The meridian bm being fup- 
pofed to be drawn, make the angle mbc the bluing 
of be fouth-eafterly, and make be its length. Make 
the angle medthe bearing of ^ fouth-wefterly, and 
make ed its diftance. Make the angle mde the bear- 
ing of ^, fouth'Wefterly, and de its diftance. Make 
the angle mea the bearing of a north-wefterly, and 
and ea its diftance. Then the plan is finiflied, ex- 
cepting the offsets, which are laid down as direded 
in Prob. III. Thus, in going from a to b^ you have 
two offsets at ^ and /, at B you touch the hedge; 
From b to f , you have four offsets at b^ /, b^ 1, and 
you touch the hedge at C. From c to dy one off^- 
let at kj at E touch the hedge. From d to f, five 
offsets at mj », F, G, H ; it ^ touch the hedge. 
From e to a^ two ofl&ets at H and A. The places 
of sdl thefe, muft be marked upon the ftationary 
lines; and their lengths fet off* perpendicular 
thereto. 
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_ • 

' Fig. 

P R O B. VI. 

To lay down the plan of xifield^ fwrveytifr^m t^va 
ftations^ by taking the angles round about ^ and mea- 
furing only the line between the Rations. 

tj. Chuie a convenient point upon your paper, for 
your firft ftation, as S* Thro' S draw a line, and 
itt thereon the (lationary diftance ST ; then T is 
your fecond ftation« Then with a protraftor or line 
^ of chords, make the angles TSA, TSB, TSC,, 
TSD, TSE and TSF, each of the number of dc- 
grees» as you find them in your field book ; and 
from S draw the lines i, 2, 3, 4, 59 6, out at 
khgth, numbering them as in the book. In like 
manner, 'make the angles at T your fecond ftation, 
STA, STB, STC, STD, STE, STF -, and from 
T draw the lines i, 2, g, 4, 5, 6, as in the book. 
Then* obferve where the correfpondent lines inter- 
feft ^ as I and i interfed at A ; 2 and 2 inceriedl: 
at B ', g and 3 at C ; 4 and 4 at D ^ 5 and 5 at £ ;, 
and 6 and 6 at F. Then A, B» C, D, £, F, are 
the corners of the field. Therefore drawing the 
lines,. AB, BC, CD, &c. from angle to angle, 
ABCDEF will be the plot of the field. Here you 
mufl: be fure to take the interfedtions of the corre- 
fpondent lines, or thofe numbered with the fame 
QgOfes ; otherwife you'll gee a falfe plan. 

28. If the ftationary diftance be taken in a fide of the 
field, as EF, or even out of the field as st 5 the 
work would have been the . very fame. For 
the correlpondent lines 11, 22, 33, &c, that form 
the angles which you muft make about F and E» 
or s and /, will always interfeft in the points A, 
Bf C, &c. which determine the angles of the 
field* 

And 
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And if there had been more ftations, proceed Fig. 
in the fame manner, to ky dov^rn the angles taken 
at them ; and to draw lines, to interfeft in the points 
required. 

P R O B. VII. 

To /ay down the plan of awf part of a country^ 
Hvitbfucb objeHs as appear 5 by taking obfervations at 
feveraljlations. 

This is done much the fame way as the laft Prob. 2 a. 
only there are more ftations concerned, which re- 
quire to be laid down, otie after another ; and the 
diftances to the objedts meafured. 

Upon a iheet (^ paper, take a convenient point 
S for your firft ftation, from which draw the liae 
ST, and fet thereon the ftationary diftance ST as, 
in your book; then T is your lecond ftation. With 
a protrador or line of chords, fet off the angles. 
TSK, rSL, TSA, TSB, and TSC, as in your 
book. And draw the lines SK, SL» S A, SB, SC y 
and thereon fet the meafured diftances oi each, as 
you find them in the book. Then the places o£ 
the objeds K, L, A, B, C arc determined. 

Then in like manner at T, make the angles STD, 
STE, STF, STI, equal to the angles wbi^h the 
ftationary line makes with TD, TE, &c, a^ you 
find them in the book ^ and drawing TD, TE^ 
TF, TI, fet thereon, the meafured diftances oi 
t), E, F, I ; and then their places are determined. 

Next make the angjte ST V equal to the obfcrved . 
angle between the ftationary lines ST and TV j 
and drawing TV, iibt thereon the meafured diftance 
of the ftations T ajnd V, a^ fet down j then V is 
a third ftation. Therefore at V, make the angles 
with TV as you obfcrved them> as TVG, TVH, 
and perhaps TV I \ ^nd on VG, VH,»fet their mea- 
fured 
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Fig. fured diftances, all which you have in the field book ^ 
29. and then the places of G and H are determined. 
And if you have moreftations, and more objeds^ 
you muft proceed in the fame manner, to lay down 
the angles obfcrved, and to fet off the diftances. 
And thus may the plan of a fquadron of ihips be 
taken, or the map of a river, or any remarkable 
objefts, tho* inacceffible. 

P R O B. VIII. 

TV draw the plan of a manor or large eftate \ fori 
of a rivar^ cr a great town. 

I. Having provided fome paper, vellum or 
parchment to draw it upon i confider how large 
you defign to have your map. T hen coUeft from 
your field book, the dimenfions of the eftate in 
chains ; and from hence you may make an eftimate, 
how many chains will be contained in an inch ; and 
confequently what fize your fcale muft be of, to 
plot it with ', and it will be beft to ufe a diagonal 
icate. 
9o. 2- Then take a convenient point A upon your 
paper for the firft ftation, and from thence draw 
your firft ftationary line AB, of its due length, from 
the field book ; then will B be your fecond ftation. 
Then having the diftances AC and BC, you will 
find the place C of a third ftation, upon the plan. 
. And in luce manner, having CD and AD, the point 
D will be found for a fourth ftation. For the 
loneeft ftationary lines, and the moft general ftations 
muft be determined firft ^ and theri the next de- 
pending oh them, and fo on to the leaft or moft 
minute. And fuch lines as fervc only tp find the 
boundaries, muft be drawn with black lead, to be 
rubbed out again, 

gi Then tor plotting your obfcrvations taken 

upon any of thefe lines ; you muft take the feveral 

, • diftances 
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diftances from your diagonal fcale, andfet them uponFig* 
thefe lines -, or with a thin fcale graduated the fame 30. 
way, and applied to thefe lines, prick off thefe 
diftances, by the edge. Likewife every angle mufk 
be laid down truly by a protraftor or line of chords. 
And all thefe things muft be done in that order you ^ 
took them, as diredcd by ypur field book; firft 
reducing inclined lines to horizontal ones, by Prob. 
9, Se£l, I. Thus in goiAg from A to B, when we 
come at J there is a hedge; therefore fet the dif- 
tance Aa from A to ^ ; and at a lay down the an- 

{jle that the. hedge ao makes with Aa, and fet the 
ength of it from a to (?, for the corner of the firil 
field. ' Then I fet off the diftancc from A to the 
next hedge, and draw that hedge in like manner 
as the other. Then I ' fet off the diftance of 
the brdok from A to ^, and draw the brook, mak- 
ing fuch an angle with AB as I find in my book. 
In this manner 1 proceed till allbe laid down from 
A to B. After the fame manner I lay down every 
thing from B to C, and from C to A ; and like- 
wife from A to D, and from D to C. Thefe ge- 
-neral ftations being, finilhed j the inner and leuer 
ones muft be plotted, as from F to G, from A to 
I, from I to F. Then from B towards H, where 
I projeft a tree, and the crofling of the brook, and 
a windmill on the righ't ; then from H toC, where 
I projcft a houfe on the left hand. Thus you muft 
go thro' all the leffer ftations, planning every thing 
you find in your book, in their due places ; as all 
objeds, and all offsets to hedges, &c. till all houfes, 
i5elds, trees,' and other remarkable objefibs, be put . 
into your plan •, proceeding from one part to ano- 
ther till all the parts be laid down ; and if all the 
parts clofe.or fill' up the pUn, it is a fign the work 
is right/ And the plan is beft done upon paper, 
or at laft pricked off upon your vellum, by laying 
the paper upon it. And make always the north 
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Fig. fide of the map the uppermoft. To do all this 
30. there is required no more than a little pradical Geo- 
metry* attending duly to what you have ^ven in 
your field book. Sometimes it may be convenient 
to plot different parts in different papers ; and put 
them altogether at laft. 

4. All hills muil be fhadowed, to diftinguifh them 
in the draught ; likewife Ihadow the buttreifes of 
fteeples very deep ; and alfo towers, caftles, hoiifes, 
and all fuch things. 

5. Put the trees in each hedge, into their proper 
places in the map *, as they have been taken on a 
foul draught ; and make prick lines on the out* 
iides of the hedges, for the gutters ; and thefe 
will (hew what hedges belong to each field. And 
whcie there are gates, the hedges muft break off. 

6. All the fields and clofes being laid down in 
their true order and fituation -, write the name of 
each field fomewhere in the middle of it ; and if 
you think proper, the number of acres it contains i 
tho' fomc people choofe to have their contents in 
a book on purpofe. 

7. Colour the hedges with different colours, and 
put into your map, the manor houfe, and all o^ 
ther out-houfes, baras, ftables; ilfo rivers, roads, 
bye-lanes^ and any windmill, water-mill, bridge 
brook, pond, wood, coppice, foot- way, or horfc- 
way* Draw trees in woody grounds, Ihadow 
mountainous grounds with hills and valleys. £x<* 
torefs bogs, fens, groves, highways, rivers, gates, 
ftiles, &c. Draw the meridian line, and put a 
mariners, compafs in ibme bye>.place ; and afcale of 
equal parts or chains ; and laftly the title of the 
map> thiis. 

A true and perfeft furvey of the manor 
(Townftiip) of •— — , in the county of , 

Being (part of) theeftateof— • 
A Anno Domini'-'-'^. . 

' 8. In 
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8. In a vcrjr great eftate, there ought to be drawn t*ig. 
vertical and horizontal lines thro* the map, dc- 30, 
noted by letters at the top and bottom and fides ^ 
tor the ready finding any field therein, mentioned 
in a uUe. 

. 9. The fame rules, by which any field is laid 31. 
d6wn, in the method of circulation, will equally 
fcrve for laying down the ftreets of a town. For 
take the point B for the firft ilation, and draw BF, 
and make the angle FBC equal to the degrees ob- 
ferved, as in the furvcy book -, and drawing BC, 
fet its length upon it to C, taken from the book. 
And in that line from B to C, make offsets on each 
fide, and fet off fijch diftances as you have noted 
down. In the (ame manner, fet off the angles 
BCD, CDE, DEF, and EFB. And fet off the 
diftances CD, DE, EF, FB; and make fuchoff- 
fets on each, as you found in going along them ; 
as the furVey book will direft. Then draw the 
inner ftreets, till all the part BCDEF be planned. 
In like manner lay down the part BFGA, and fo 
one part after another, till the whole is laid down« 
But it is beft to lay down every part as foon as 
it i$ furvcyed, whilft you have it in your mind, 

P R O B. IX. 

To draw a map or plan of a whole count^^. 

The laying down the plan of a county is upon 
the fame principle, as laying down a furvcy, taken 
from two ftations, as delivered in the 6th Problem. 
Only here, we are obliged ta- have more ftations, ' 
and to take more angles. And as a county is of a 
large extent, every thing muft be laid down with 
the utmoft exadnefs. Therefore to do this, chufe 
a convenient point upon your paper for your firi^^ 
ftation. From that point drawTbur ftatferfify linS^" 

and 
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Fig. snd/cc upon it, from that point, the diftance mca-» 
. j I. fured between your two main ftatioos, taken f^m 
a pfoper fcale ; and this gives yoi^ fecood ftatioo 
Upon the paper, And the diftance between tiiewL 
is the only meafured diflance you have. Then take ^ 
good ihftrumenc.for laving down angles, and place 
its center at the firft ftation ; and make an angle 
there with the (lationary line, equal to the angle 
you, took (to any certain place) at the Brft obferva- 
tion, when at the firil ilation ; which your book 
will fhew. Then make an aiigle wiiix the itationary 
line, at the fecond ftation, equal to that you took 
, (to the fame place) at your fecond. fta.t ion; where 
this Tine Cterminating the angle) icuts the pthtr, is 
the place at which that particular mark liands: 
thiis one place is determined. Again, at the firft 
Itation, make an angle vyich the ftationary line -,. 
equal to that you obferved, to aiecon^ place. And. 
likewife an angle, at the fecond ftation, vhich 'va3 
pbfcrved there to the fame place j and where th*s 
line intcrfefts the firft, is the place of the fecond 
mark ; fo a fecond place is determined. And thoei 
go on, to lay down two correfpondpit angles, ta-, 
ken out of the book, one at one ftation, and the^ 
other at the other •, and the interfeftion of the lines 
of tfiat angle, gives the corrcfpondent place. And 
. this* work is always to be done both at the main 
itations, and at all inner ftatioqs. 

1. Air the lines ought to be taken from a diago- 
nal fcale, of a mile or half a milQ.to an. inch, ac* 
cording to the largenefs of the county •, which may 
be cafily coUeded from the dimenfioos of tjie de^ 
jigned map, compared with the dimcniions of the 
county, in miles. 

2. All your work muft be laid down on a pa- 
per (pread upon a flat table, and pafted down at the 
efids, or otherways fixt, fo as not to be altered, till 
the whole be laid down. Or one may take a fine 

copper 
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copper plate, the bignefs of^ the map, t6 proje&Fjg, 
upOn ; and one fet of obfervatiohs may be laid down 
after another, as they afe taken at the two ftations ; 
till the whole be compleated ; and the lines may be 
drawn whh a fine fteel point. But here fuch obfer* 
rations as are taken to one hand, mull be laid to 
the contrary hand, as in all engraving. 

3. And the inftruments made ufe of in laying 
down the plan, muft be eitceeding good and large. 
Your protradtor or line of chords, or fedor, or , 
whatever inftrument you ufe to lay down angles^ 
muft be of as large a radius, as the inftrument you 
took the obfcrvations with, and as accurately di- 
vided. For moft of your operations will be to l^y 
down angles ; and if they be not as exa6tly laid 
down in your map, as they are taken by obferva- 
tion, the map will be erroneous. And you might 
as well not nave taken them exa6Uy, as not lay 
them down exaftly. Here the diftances muft all 
be reduced to horizontal lines, before they be laid 
down. Apd all the lines and angles are beft laid 
down in the order they were taken ; as your book 
of obfcrvations will fheW. And the principal and 
moft eminent ftations muft be planned firft ; and 
then others that depend immediately upon them ; 
and the next, thofe that depend upon thefe ; and 
fo on. And thus every thing muft. be laid down, 
according to what you find in your book. 

4. When all the towns and rertiarkable places 
are thus determined and mapped. The hills and 
mountains muft be (hadowed, the fea coafts drawn ; 
all towns, caftles, houfes, churches exadly drawn, 
the largeft of them in pcrfpeftive. All roads and 
rivers delineated, and all bridges drawn -, and eve- 
ry thing properly Ihaded, to diftinguifli them and 
Ihew what they are. All the divifions of the coun- 
ty muft be drawn in prickt lines. Apd the name 
of each part written therein. And the boundaries 

F will 
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Fig. will be more viiible and diftioft, if they be coloi: 
od widi water colours. All this is a work of grc 
nicety. 

5* Write the names, of leacb <itvifion in great le 
ters within it $ and the names of all towna aini < 
ther places, befide them. The cities muft be di 
uaguiflicd fran^ market tovai, and thefe from lellc 
towns, &c. by certain marks* Meridians and pa 
rallcls rouft be drawn%through the m^p i alio a nia 
f iners comipals in ftime bye places andafeale o 
miks; theio^gknde and lautudeof places at th^ 
fides and ends, and the title jof . the inap in lai^ 
charaAers« Aad i^ a)l maps^ take notice^ that the 
north fide muft be uppermoft. 

F R O B. X. 

?V reduce one triangle mtc Mother of equal area^ to 
have a given hafty or agivenfer^endicnlar. 

Let i\BC be the triangle to be reduced, and AD 
die new bafe. From the verten C draw the line 
CD, and from B the end of the bafe, draw BE pai- 
rallel to it, interfering the oppofite fide in £ s then 
draw ED, and the triangle AED is equal to die iQri- 
angle ACB. For the part £BD is equal to the part 
EBC, being contained between the fame parallels 
£B, CD \ and the part A£B b common to both 
triangles. 

And if the pwpendlcylar be givftii let it cut 
the fide at the point. E. Draw EB to the opj^fitc 
angle B ; and CD parallel to it, from the spntx 
C, to cut the bafe AB in D s draw ED,, then AED 
is the triangle required % wtuch is proved as before. 



a 
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from a giwn pint'in fk^Jlde. 
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Let ABC be rlie.«iSiH}gtei tihit fii^ p^tfit ^kn. 33* 
^rotil the given ^oiifc^ej t^ itf)« 'dt5{)0flird ^n^e B, 
•draw the Hne £B. Auid ft<mi «lie v^rtett <^ «ke 
lioe CD f>araltet «6 it, to u(Silt tlM^ fed^ AS b iE>. 
i)raw die imefED^ «i)d the fi^tfftfi^ t^MSD is^bal 
4t> ilie triftngle AQB. • * . J . 

For the tnan^le£(il(lti#e^ tbttfie4:ticlltgtii£€B» 
being contan»d<beti*k^lii^ fiUMfe {Httallok^^tflimtlr 
/ore to each of them add the triangle AEB, and 
then AED is aqii^i t^ ACBi . 

' : 3 c n .0 L. 

This I?^blcnfi wID ^e ufcfiil, when the area 13 
jiot to run beyond a %xytsx point E. 

PRO.S. Xii. 

* This is done 'hf ^takiiig away 'om dngle after iinb- ^ j; 
ther, till the whde tie reduced; L<ft th^ poTig^n 
be ABCDEF, and lei the point be at the an^D. 
'Produce any iide^ that does not join upon D, as 
AF. Draw the firft diagottal AQ and BH pam}- 
!eltx>>t, to cut the bsdeiFAinH. Draw HD to 
the ne3tt angle, and CI f^aralkt ^o it^ cutting AF 
in F. Aiki draw DI ibr <»e fide. Here AC, BH, 
HD, &c. muft be obfcure lines. 

Again, draw DF, and EG parallel <to it, to cut 
the bafe AF in G ; .then draw DG for the other 
fide. 

F 2 In 



yS SURVEYING- 

F«- ' Injbort thus. 

^ * From AC open your parallel ruler to B, to cut 
AF at H/ Frotil HD open toC/tocut ix \i and 
draw ID. 

From DF open to E to cut at G^ and draw DGi. 

The)) ID& b iequd to ABCD£F« 

For by reafon of the parallels GA» BH^ the trv* 

angle CPA is equal to the taan^e CHA. There* 
fore inftead of the two Bdes CB^ BA ; the finghs 
.fide CH may be taken. Again, by reafon of tfae 
parallels DH> CI ; the irianKle DHC is equal to 
the triangle DHI ; and therefore inftead of the two 
fides DC, CH ; the fiqgle fide DI may be taken. 
]n like manner the triangle DEF is equal to DGF ; 
. whence the triangle IDG ia equal to the figure 
ABCDEF. 

Cor. I. Hence a«y foUgon may he reduced to fewer 
■fides, by taklfig away me or more fides rf it. 

Thus ABCDEF is reduced to HCDEF, 4nd that 
to IDEE, and that to IDG. 

Cor, 2. Henc^ a triangle may he reduced back to a 
^^ffljgon^ or a polygon to another of more fides. JVbicb 
ts ufeful in reduSliony when the area is to terminate at 
^ a certain 'pointy as F. 

. , Thus to reduce GD to the point F, Draw ffom 
F, to the next an^e D, the line FD ; and from 0, 
,thc parallel GE, , to cut the other fide DE in E, if 
/there be fuch a fide ; otherwife take any point E in 
the parallel GE, and draw the two lines DE, EF* 
Likcwife to reduce Dl to the point H ; draw 
HD to the next angle D, and IC parallel to it, in 
which take the point C, and draw CD, CH. 
Again, to reduce CH to the point A : draw AC 
. to the firft artgle C, and HB parallel to it, and t^e 
B therein, and draw CB, B A. 

S c H I. 
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Fig. 
S c H o L. 24, 

It will be beft to take fuch a fide for the bafe» 
and fuch a point for the yertex, of the triangle 
(which may be in a fide» as well as an angle), tha; 
when the operation is finiflied, the height and bafe 
of the triangle m^j WK be very upequal ; obferv- 
ing that the higher the. vertex is, the fhorter the 
h& will be. If , the point for the vertex be uken 
in a fide, it is the (ame things as if the poligon had 
oae fide more« 

P R O B. xnii 

To cafi up the content of a triangular field. 

Let ABC be the triangle propofed. Hayipg got i u 
the bafe AC, and perpendicular BP, either by 
tneafuring theni in the field ; or dfe meafuring them 
b^ the fcale,* upoa the draughty laid down, upon 
papers Thca 

Multiply the bafe by the perpendiciilar, in chains 
and decimals. And take half the produft.for the • 
fquare chains^ which divide by 10, gives the acres, 
and decimal parts : or^ which is the fame thing, 
from half the produd, cut oflf five* figures for a de- 
cimal. If you, have a . mind tp find the ' roods and 
perches, multiply the decimali^ firfl: by 4, and then 

by 40. 

N^te^ you may multiply half the bafe by the per- 
pendicular, of the bafe by half the perpendicular^ 
for the QQiitent in chains &Cc 



• >» 
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• » 


• 

.. .1 


^ 


Bafe AC 


8.2y- 




Fcrpcn* BP 


425 




' 


'654 




Prod; 


35-M75 


/ 


Content 


loj 17-5737 
1.757 acres. 



Or 4bus. 

When two fides AC» CB, and the included an^ 
gle C, are given ^ or when AC, DB, and angle 
ADB are given. 

Add together the loganftnis of AC, CB» an^ 
fine of the aiMie C 1^ or eUe ofi AC» I>B» ^nj 
SjADB ; and m>m the fum abate la Find (4? 
number infwetmg to diaft kigaritbni Then bilf t^t 
Huniber dhoded by 10, is m^ consent in acres. 

&camp. 

AG -B^ij -i. 0.93750 

CB 6.88 — 0.83758 

$.<C 3B2& ^ 9'79255 

■ ■ I I ■ ■■ 

Contest r.764 acres. 

Or thti* 

When a fide AC, and the a^ojfiing aiiglef A» 
C, are given. To twice the log. bafir AC, add the 
Idg. ffnes of the unAiA A and C ^rfrem the fum» 
take the log* fine of the fum of thefc angles (or of 

th« 
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the third, angle B^, and throw aiway iq. Fbd theFig* 
number of this logarithm. ^ and divide half of it bf ^'•^ 
«p« for the contents ^ . 



AC 



S. 
S. 



Examp. 

8,27 o.^\jso 
0.91750 

9-79255 
9.91599 



C 38 ao 
A ,55 30 



i«a*Mi«< 



S. <: B 86 10 



35-04 
Content 1.752 acrel 



« '-54354 
9.9990a 



mfm 



im 



wttmm^m^ 



Or tlmsj if ^h lafi data^ 

Divide the fijuare af cbc bsiie AC^ by the fum 
of the natural cotangents of the angles A, C* Half 
the quotient divided by iQ^ giTes the area, 

8.27 * 1. 2^47 
8.27 .6875 



«• 



5789 1.95*0 )68.39j (j5^ 
1654 58 560 1,752 eoRtent 



W^-*" 



\m I III** 



68.3929 



98310 
97600 

73000 



mM»s« 



Oiberwife tbus. 

When the tiiree fides are given. Find half the 
fs^m of the thoree fides, ami tabcradt e^cb fide from 
it. Then multiply that half fttm and the three re- 

F 4 mainders 
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Fig. miindcrs continually ; and the fquarc root of the 
1 1 . laft produdl, divided by i o, gives the area. 

Rather add their four logarithms together, and 
take half of the fum \ and the number beiag founds 
the tenth part of it is the area in acres. 



Examf. 



AC 8,2 7, 
CB 6.88 
AB 5.14 



20.29 ^g* 

i fum 10.14 1.00604 

1 diff. X.87 0.27x84 

2 difF. 3.27 0.51454 
g diflft 5.00 0.69897 

17.61 1.24509 
Content 1.761 acres. 



P R OB. XIV. 

T0 eajl up the itmmt of a ffuan^^a rtS^t^k^ ^r 
$/ my paraikkgram. 

Multiply the length, by the breadth (which is 
the nearcft diftance from on^ fide to the othtr) 1 
§nd the produd, drridcd by io« is the a^ita. 



Esunnf* 
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Fig. 



' r (- ' c 



\ Examp. 

Length' 16.27 

Breadth 10.^ 



IX. 



r • 



mm 



97620 
16270 

172.4620 

Coatent 17.246 acres, which miay be 
reduced to roods and perches, by multiplying by 

4 and 40. 

P R O B, XV. 

TV caft up the content of a ftapexium^ ABCD. 

Having found the diagonal BD, and perpendi- 
culars AF, CG, cither by meafuri^g in the field, 
or upon paper, after it is laid down. Then 

Multiply the diagonal, by the fum of the per- 
pendiculars ; and half the product, divided by 10, 
is the content. 

EscMip* 

Suppofe the diagonal and perpendiculars^ the fame 

05 were meafkred im Prob. XIL Sed. I. . 

1 perp. 

2 perp* 



5.18 

4:86 


Diag 

. * - 

Content 


;. 8.37 - 
10.04 

9 . 


10.04 

• 


33 4« • • 
83700 

84.0348 
4.202 acres 



Or 
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^* Or thus, 

1 3. Where the lengths of ibe diagonals^ and the 
gle they make, are given. Multiply the diag 
nals and the nat. fine of the an^le, continually ; 
and th0 produ^ divided l»y it>t gives the coftfeac 
Or rather, add the logarithms of the dia^nals» 
and the log. fine of the angle together, reiedting 
JO; find the number bsiongifig ; and dividfe half 
of it by 10 (or the whole by 26), ^ves the con- 
tent* 

Examp. 

Suppcfe the angle and diagonals^ as meafured m 
Ttoh. XII. Sea. I. 

AC» j.S4t 0.8^737 

DBy 6.17, 0.79028 

SJLEB» 66 ao^ 9.96184 

4a.6r, 1.62949 

Contenc 3.130 acies. 

P R O B. XVI. 

polygon, 

t4« Since i^ do ncst always want t6 make a draught 
of a fields but only to find it$ content ; in fuch 
cafes, we only meaiure fuch lines as are necefiary 
for finding the content ; and then fewer meafures 
willdo^ than for plotting. ' 

Tiie Ihortcft way then to find the content, is to 
divide, the field into trapesdums, ^ few as you can, 
or into trapcmims and triangle^ \ and to meafure 
the diagonals and perpendiculars In the field, and 
fct them down ; and likewif<? the bafes and perpen- 
diculars t)f th^ triangles^ if there be any. Then 

find 



A 
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find the contents of each of t)ie trapeziums, by theF)g« * ' 
laft Prob. and of the triangle^, by Prob. XIII. and 14. 
che^ foib t>f 'aU^ U ^ tMtintof the' fieldV '^^ 

£^ ii&«' merfmm'ki uthmss m Prob. XUL S»&. L 

I. TrapKutm CDEF. 
t perp,, 3.4f IHag. 11.88 

6.06 * 7128 

71280- 



» <•♦ 



■«i 



7i.992S 



w« 



I perp. 4.47 S.l^ 

t perp. 3*7a Diag. 12.00 

8.19. 1638 

819 



98.28 



T'/fo /f^/«f ABG. 

perp. 3.32 . 98-2f . ,H . lo 
r 35-P592.. 



^.' J 



iZ I * ^ . . . ^ ^ ■ - . r ;•-. ^ f ♦-/--» I 






3168 8o^.33?o , ,, 

3<6» Content; io.a665 jvc*»j' 



45.d59* 



■ • ' '■ 1 



' * 



ptfici^fi 



ti 
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^^* Otberwife thus. 

Whea'wc h,avc not got the ^^^gpn^s and per- 
pendiculars, rcquifite for calling upw The field 
muft be laid d6wn on paper, by t^rob. \\V. And 
theijt, by dividing it into trapezia aa(l triangles, wc 
muflr rrieafure thefe z% before. Therefore what wc 
have to do, is, to mcafure the lengths of thefe dia- 
gonals, and bafes {"with the fame fcale the field was 
drawn by) in chains and decimal parts ; and their 
correfpondent perpendiculars, by taking the near- 
eft diftance from the vertex or angle, to the bafe 
or diagonal. 

Then multiply the diagonal of each trapezium 
by the fum of its perpendiculars ; and the bafe of 
every triangle by its perpendicular ; and take half 
the lum of all thefe produfts, which divide by xo, 
gives the acres and decimals. And the decim^ 
may be reduced to roQd& and perches, if yoy pleafe^ 
Ijy multiplying by 4 ^nd then by 40. 

And note^ if any part of the area caft up is with- 
out the field, fuch part mull; b& fobtra£ted from the 
iF^ho^. 

As for the insets, and parts of irregular curves^ 
if th^re be any *, they muft be computed feparately^ 
andndakd to the former contents, if they lie with- 
out the ft^tionary lines 1 or.fubtra£l:ed,.if.withi&« 
Ta6n4 M^eir coptenta will be Ihewn in the follow* 
ingProbkm. 

Oiberunfe tbujf. 

^A ' Reduce the field into a triangle by Ptob. XIL 
^^^ Andrif. any fide in it bci?cry irregular, running in 
and out, a right line may be drawn by the eye, that 
takes in, as mucb^s it leaves put* Then the bafe 
(yf this triangle multiplied by its height, and half 
the pw>dua dividend by 10, will give the area in 
^cre|,-as^iifu^L 

This 
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This reducing a field to a triangle, is as cxa6t aFig,u 
way as calling up the contents of all the trap$^- 34^^ 
urtisaiid triah^cs: ftverallyj and far more 45^^ / 
and fpeedily dohc. ; ' :- ! ' 

' Lei ABCDEF hi dnyfieU ; ^ wiich is rectuce^joliiit 
triangle IDG. Jnd4et tbe hafe \G be 9.00, and the 
per p. or the near^ difiancefrom D to AF 6. 46. 

6.46 
9^06 , 

58.14 : 

Content ' 2.907 acres in the .tri^ogle^ • 



< ■ III ■ 



Therefore the content - of the polygon ir 2^907 
acres. 

S c H o L. 

In uneven hilly ground it has been difputed^ 
whether the horizontal bafe, or the true fupcrficics, 
bught to be eomputcd ; '' and the greateft part: bf 
furveyors feem to be agreed, that the fupefficle* 
fhould be meafured. And indeed, fince furveying 
is but a mechanical pfadtice, we may lay dowiti thfe 
geheral rule, that fince we hiedfure by the chstirt, 
we muft compute^'by ftich dimenfioris as' ^-flftd 
by the chain. But if we compute from a ^map xk 
draught, we muft needs take our meafures frotn thfe 
map^ to compute by. And in thefc cafes there win 
always be a diflSn'ence between the area mo^ed 
^nd the area planned ; more or Icfs» as the g^<>ui\4 
is more or left hilly and irregular ; and fubjcA^ to 
afcents and defcents, and to hills and dalea^ But 
thgi' the fuperiicies ought to ht meafured* oolf t(ie 
lK>ri2ontal bafc muft be planned-, for otherwife a 
map cannot be made too clofe, i. e. for tb« adioin- 
ing parts to come together. . 

It 
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E^ig. It mty be obferveci, thai jGnte aU ground i$ more 
3;4. or lefs irr^lar, as wcdl as the fences chat inclofe 
k ; tibeitfore if iercralpcrfons lurvfey idhe fauac piece 
of -ground; no two of them will give ekaeUjr 
the Sime content. Nay, tf even the Tame perfpn 
furveys it twice^ be wUI differ from himfcir more 
or lefs } efpecially if he furv^ys it by different mc^ 
thods. 

If any geometrical curve^is giveft to be furveyed i 
you muft mcafure it by the rules of menfuration, 
. for that purpofe ; for I cannot here lay down rules 
for all forts of figures, but fuck a3 are common^ 
and fuch as come in praftice ^very day. But for 
' geometrital curves of all forts, I miift refer to that 
book. But thcfc things rarelycomcin queftion. 

p R b fi. xvn. 

To caft up the contents ^ iiffnn and parts of im* 
guJar curvcsl 

I. The parts of a field cpn^aincd by ofeets are 
trapezoids and triangles; .and.t>prefQre they muft 
be mealurcd as fuch. And to find their contents^ 
mnUiply each part of the ^ftationaiy line by the 
ium <>f die offsets on.each end of it, and this beinj| 
irepeaicd as often as there are pSsj^ts ; add them au 
together^ and take half the fum* and divide it by 
JO, gives the whole area contained by thefe offsets 5 
iwhichrnuft be added or fubtraftcd* , according as 
;|hey lay within or without the field* 

if t^e offsets are at eau^l diftances« . End a mean 
^ft^t^ by dividiijjg.the fum of them all, by flieir 
^nuriibor,^ Then J^ultiply this mean offset by the 
w^kofc l?afe, for tjie content i^ c;haii;\St ..which divide 

^ . . . . ■» • ■ • 

-:...■' ' '• ;-•••• * * •- 

E%amp. 
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5«^e/^ AB i« lit fittHtmary limt and At^ Hte 
hedge i and let the offsets he asm Prob. III. $<fti I. 
?0 find the area ikS^getA., 

Offset at A iQ. <M&et «t r, 0.87 

atf, 0.87 . at«(, 0.23 



MWMMMa 



0.87 1. 10 

Ac i,^ «/» 1.48 

3 48 880 

7«3 440 

87 1 10 



1.6878 1.6280 



■VM* 



Offset at ^, 0,23 Offset at/, o.ti 

at/, 0,81 atB, 0.47 



9iamtm 



1.04 1.28 

<//, .75 /B, .48 



^«M|i 



/52O ' 10 24 

728 25 6 

,7800 .35 84 

— .^— ' 1.68^8 

i.62''8(>' 



.78 60 :' 



Content ,22^7 inacrcs, 
for the afeii df AB^^c', 
And after the fame manner muft all thc'^gtect 
areas be found in the field ADF, Fig. 26, anJfiib- 
trafted from the whole content, as they lay with- 
out the field* 

2. Jf 



'Tim 
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pig. 4. If any part of the area be boupded by a re- 
' 3. gular curve, aiid the height be fmall, multiply the 

bafe by the height, and uke f the produft for the 

content in chains* 
1 35' 3. When fome part of the ground is bounded 

by an irregular curve, as al^c^ meafure the bafe AC 
i Then for finding the content of ACca ; creft the 
I perpendicular ordinatea or offsets^ Aa, B?, Cf, at 
f equal diftances, and meafure them, Then^ 
I Aa+Cc + ^Bl^ ^ ^^^ ^.y ^ ^j^^ ^^^ ^ ^^^^^ 

6 

^ in chains. . . 

Or more exaftly, if ^i be a curve ; divide the 

I bafe AD into 3 equal parts at B, C, and meafure it, 
and the perpendicular ordinates A^, B^, Cr, Dd ^ 
then A^ + D^ + 3B^ + 3C5 ^ ^^^ ^j^ ^ ^, 

area of AD^^» in chains. 
{ Or more exaftly ftill. Divide the bafe AE into 

four equal parts, at B, C, D j-and meafure the 
i offsets or ordinates, A^, B^, Cr, Di, E^, (as in 
. Co n Prob. 111 . Se£t. I. ) then wil l 

I 7 X Ar? + Ee + 32 XBi + Dd+ iiCc ^ ^^ y^ 
r the area of AE^^, in fquare chains. 

; . S C H O L. 

If a lordfhip is to be furveyed ; after all the 

. fields have been meafurcd and laid down in the 

f plan, the contents of them all are to be caft up, 

one by one, by fome or other of the rules and di- 

• reftiohs beforegoing; and their contents written in 

j, the field, or elfe put into a table, to have recourfe 

to upon occafion. And fuch a table or book is beft 

made, to have the names of the clofes go on alpha- 

* betically •, cfpecially if the lordfhip be large, and 

contains a great number of clofes. 

PROB. 
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fig.- 
P R O B. XVIII. 

To lay out any number of acres in a triangle^ wbofe ' 
bafe and containing angle is given. 

Multiply the bafc AC, by the nat. fine of the 35. 
angle C, tor a divifor, by which divide 20 times 
the acres given ; and the quotient is the fide BC. 

Or thus by logarithms* To the log. of the num- 
ber of acres, add the conftant log. 11. 30105, and 
refcrve the fum. To the log, bafe AC, add the 
log. fine of the angle C i and fubtrafi: this fum from 
the former fum. The number of the remaining 
log. is the fide CB. 

For if A be the number of acres, then 
AC X CB X S C _ ^^^^ _- ^^ therefore CB = 

2X 10 

20A 

AC X S.C* 

Examp. 

Suppofe 17.64 acres to be laid out in a triangle^ 
wbofe bafe AC is 24.81 chains i and angle C, 38 20. 
To find the other fide CB. ' : ' 

17.64, 1.24649 
conft. log. 11.30103 

,12.54752 



>^aammi^ 



AC 24.81, 1-39463 
S.C 38 20, 9.79255 



11.18718 




1.36034 chains. 

Cor. Tfyou woufalay out any number of acres in a 
triangky of a given height. 

G Divide 
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Fig. Divide twenty times the number of acres, by 
^6. that height or perpendicular ; the quotient is ch« 
length of the baie» for any triangle. 

P R O B. XIX. 

To lay out anf number of acres in a reHangk^ who/k 
bafe is given. 

Divide ten times the given number of acres, by 
the bafe given ; and the quotient is the height w 
th^ reftangled parallelogram. 

Exump* 

Suppofe 64.15 acres laid down in a reSmigU^ mejiii 
^ which is iS.27 chains \ to. find the other fide^ 

18.27)642.5(^35.16 the hdghc 
5481 

9440 
9135 



3050 
1827 

1223 



Cor. If the acres are to Be in a fqmre ; extralf 
thefquare root of ten times the numker of acres given^ 
for the fide of theffuart* 



\ A^ - «^ * 



fROB- 
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Fig* 

P R O B. XX. 37, 

To ikvide a ttiangU in any raihj from an MgU % 
•r to cut off any part of it^ by a Unt draum front an 

Divide the oppofite fide AC in the point G> in 
the fame ratio that the triangle is to l>e divided i 
and draw the line BG. 

' Or if the area be Icnown •, fav as the whole areft 
ABC, to the part to be cut off ABG ; fo is the 
whole bafe AC, to the part AG to be cut off» then 
draw, the line BG. 

As if ypu want 4^ f or :{; of the triangle cot 
oflT, make AG to be ^^ ^ or ^ of AC, and draw 
BG. 

For. (dangles on the f^nfie bafe, and of the fame 
height, arc, a$ the bafes ; therefore ABG : ABC : t 
AG : AC* 

Cor. I. ^you f»ant to cut off a given quantity 
from tbt triangle^ witbout knowing Us content \ prh* 
ceed by ?voh.^^m. 

Cor. 2. tf you would divide the triangle into a^y 
nimb& of eiptal parts ; it is onfy dividing the fide AC 
into the fame number of equal parts \ and drawing 
Unes to thefe point t^ from the oppofite angle. 

P R O B. XXI. 

79 ^vide a triangle ABC in anf proportion^ hy 
M line D£, drawn ^parallel to a given fide }iC : or to 
cut off a^ part of it. 

Divide cither fide AC, in the given pfoportion, 38.^ 
at F. And make A£ a mean proportional between 
AF and AC. Thro* E draw ED parallel to BC, 
which divides the triangle as required^ 

G 2 Or 
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38. Or thus. 

Say as the whole triangle, to the part next thtf 

^ angle A to be cut off; fo is the fquare of either 

fide as AB, to a fourth number ; extrad the fquare 

root of it, which fet from A to D, and draw DE 

parallel to AC, for the dividing line. 

For the triangles ABC and ADE are fimilar ; 
therefore ABC : ADE : : AB* : AD* : : AC* : AE* : : 
ACiAF, 

. P R p B. XXII. 

To divide a triangle ABC in a given ratio^ iy a 
line drawn from a given point D in a fide % or to cut 
off any fart of it. 

^9* From the given point D, draw a line t)B^ to the 
• <>ppofite angle B. Then divide AC in F in the 

given ratio ; and from F draw FG parallel to DB» 
. to cut CB in G ; then draw DG, which divides the 

triangle as required ; the part DGC being at FC ; 

and the part ADGB, as AF. 

For drawing BF, the triangles GFB, GFD, con- 
' tained between the fatne parallels, are equal ; add 

to both CFG, then CFB is equal to CDG ; and 

therefore cither of them is to the whole CBA^ as 

CFtoCA, 

Cor. I . If you want to divide the triangle ABC 
into any number of equal parts ; divide the bafe AC 
into the fame number of e^ual parts ; from all which 
points draw parallels to^Y^H \ and where they interfeU 
the fides AB, CB, draw lines from thence to D. 

Cor. 2. If you want to cut off a given quantity 
from the triangle^ without knowing its content ; pro^ 
ceed according to Prob. XVIIL 
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F' 
P R O B. XXlIh 4<5^ 

# 

TV ^f -wVif ^ triangle ABC « ^ ^iv^» r^j/iV,^ ^r cut 
eff at^fart of iV, ^ ^ /rw GI perpendicular to any 
Jide AC. 

■ 

Draw BD perpendicular ta the fame fide AC, 
And let r reprcfent thie par4; to be cujt off, and s the 

whole area; Then take AG :;= v^^XADxAC, 

and at G ereft the perpcndrcular GI, then AGt 
is the part required. If G falls between D and C, 
take the other part {s — r), and ipeafuce from C. 
For, triangle AGI : triangle ACB, : : AG x GI : 
AC X BD : : (by fimilar triangles) AQ» : AC x AD : ;^ 

•^ X Ap ^ AC : AC X AD : : r : J. 

P R O B. XXIV. 

^0 dividi a triangle ABC into three equal partly 41^ 
^ three lines drawn from the three angles^ A, B, C. 

Make AD a third part of AC ; thro* D, draw 
DE parallel to the next fide AB. Bired DE in^ 
F| and from F, draw to the three angles A, B, C, 
the three lines FA, FB and FC, which will divide 
the triangle as propofed. 

For fuppofing a line drawn ftt>m B to D, the 
triangle ABD would be 4. of ABC, bat ABD and 
ABF are equal, being contained between the fame 
parallels *, therefore ABF is 7 the triangle ABC, 
Therefore the two equal triangles AFC and BFC 
a^re equal to y of ABC, and each is ^ of it. 

Cor. Hence a triangle ABC nurf he divided into ^ 
parts J ki ^ lines drawn from the three angles^ which 
Jhall be as anj three numhers a^ b an4 #• ^ ^ 

G 3 FO0 
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Fig< For make AD to AC isato a + b +ci and 
4if draw D£ parallel to AB. Then make DF to D£~ 
as * to ^ + f ; And draw AF, BF and CF. Thci^ 
it is plain* AFB is as the number «, and AFC as f, 
*nd BFC as c. For AFP : BFE : :' DF (4) : 
FE (0 : ; DFC : EFC. Or AFC ; BFC : ; * : c, 

P R O B. XXV, 

Ta divide a triangle ABC iff^o ^' parts from a given 
foim D witbiu it ; to be to one anothetj as the nuM^ 
iors^h h andc, 

49. In any fide AC, take AH to AC, as a to 
a + ^ 4- r, and draw DH> and from th? oppofice 
angle B, draw BF parallel to DH ; and draw DB 
luad DF, then ABDF is the part reprefented by a. 

In like manner take CG to AC, as another of 
the numbers ^, to ^ + ^ 4- r ; and draw DG, and 
BI parallel to it; and draw DL But as I falls 
wichoAil the figure* toreduce it (by Cor, 2. Prob. 12.) 
draW' DC and IN parallel to it, to out BC in N> 
and draw DN ; then BDN is the part repreiented 
by h, Therefor? FDNC is the third part reprcr 
fcntcdbvr. 

For iuppofing BH drawi^, then by cofiftrudion 
ABH win be equal to n = A9F + FBH d ABF + 
FBD = ABDF. 

Again, if BG be fuppofed drawn ; then by con- 
ftruftion GBC = * - GBI -^ Cgl = Bpi — BCI 
= (DOI being a right line) BDO — OCI = BDN, 
l)ecaufc DON =? COI, by rcafon of the paraUcis 
DC and NX. 

• 

Cor. ^y the Jaf^e ix>ay^ om may dfviik atri^B 
into as manjn parts as be pieajes^ from a given point D 
within if ; and in any ratio ajjtgned^ 

But fuch Problems as thefe, are more for the ex-? 
wife of QcQOictry, xkm for ^ny great life they 

are 
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arc of in furveying. 1 (hall only add angther^ about Fig, 
triangles, of the fame fort. ^ 4^ 

P R O B XXVI. 

To divide a triangle ABC iH a given ration fy a 
Une IH, drawn thro* a given point D. 

Make AF to AC as the part AHI to the whde 4^ 
ABC, and draw BF, and alfo DG parallel to AC^ 

Then put P=.^i^^ AndtakeAH = ^P+ 

l/^p — AG xP] and draw IDH. And when AH 
comes out greater than AB, work for the angle C» 

inftead of A. « ... , 

For, the triangles AHI and AFB will be equal, 

whence AH X Al = AFxAB, and Al=^^. 
And by the fimikr triangles HGD, HAIj HG : 
CD : : HA : AI or M>^ : : AH» : AF X AB. - 

Whence HA* x GD=HGxAF X AB = HA— AG 
XAFxAB = HAxAFxAB — AGxAFxAB,, 

and HA- ABX^ XHA-:^B^ ^ AG 

GD va*J 

nPxHA — PxAG. Which r educed, and the 
iwt extraded, gives HA=4P+ V^^PP=AGxP, 

Cor. If the point given, i fwitbout the fi eld, at 

d\ then win AH = 4^P + ^i^+Ag X P. 

F*or then g being on Ae othej^fide of A, Ag wiJV 
bp iiffirmatiye. 
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44/ P R O B. XXVII. 

^0 divide a l^aralklogrsm in ar^-ratio^ or to cut 
off any fart of it\ by a line parallel to one of ibe 
fides. 

Divide the oth^r fide AB at E, in the giv^n ra- 
tio, and make CF equal to BE, and draw the line 
EF, which will divide the parallelogram as was 
required. 

Jf yoij want a certain part of it cut off; take 
BE the fame part of BA, and CF of CD; and 
draw EF. 

If you defire to cut off fo many acres, without 
knowing the content of tj)e whole -, divide your 
number of acres by the breadth of the parallelogram^ 
EG J and the quotient will fhew how far you arc to 
meafure along the fide BA or CD •,' where you mufk 
draw a line, parallel to the fide BC or AD, as EF. 

Cor. Hencey you may divide a parallelogram into 
4f^ number of equal parts \ by dividing^ the oppofitc 
fidcSy AB and DC into the fame number of equal parts^ 
and dramn^ line^ thro* the vorrefpondent points. 

P R O B. XXVIII. 

To divide a trapezoid in a given ratio^ or to cut 
any part of it ; by lines croffng the parallel fides. 

Divide the parallel ftde$ AB, DC in tlic feme, 
r^tio, and to the farne hand, ^s at E and F -, and 
draw the line EF, which will divide the trapc-i 
zoid in the fame given ratio. 

Othcrzvife^ to cut any part off it ; make AE the 
fame pan of AB, and DF the fame part of DC} 
and draw EF# 

Cor. 
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Cor. Hence a trapezoid may he divided into as mafiy^^i* 
equal parts as we pleafe ; by dividing the two parallel ^5* 
Jidesj into the fame number of equal parts ; and draw-' 
ing the correfpondent lines. 

P R O B. XXIX. 

To divide^ a trapezium in arry given ratio of the par ts^ 
from an angle A. 

Draw the diagonal BD oppofite to the given an- 46. 
gle A ; and divide it at I, in the ratio given ; and 
draw the lines AX and IC, which will divide the 
trapezium as required. 

But, if you would have one right line drawn 
frofii A to divide it ; draw the other diagonal AC, 
and IF parallel to it, to cut DC in F, then draw 
AF, which will divide ic in the given ratio. 

For the triangle AID is to AIB, in the ratio of 
DI to IB, that IS in the given ratio ; and CID is 
to CIB in the fajoie ratio ; therefore the part ADFI 
is to the part ABCI in the given ratio. But by 
reafon of the parallels AC, IF, the triangle AIC • 
is equal to AFC ; and therefore AJSCI is equal to 
ABCF i and ADCI equal to ADF. 

PRO B. XXX. 

To divide the trapezium ABCD, in any given ra^ 
iio^ by a line drawn from E, a point in tbejide AB. 

Produce the oppofite fide DF ; and reduce the j^jl 
trapezium ABCD into the triangle GEH, from the ^ 
point E, by Prob XII. Then divide the bafe GH 
at F, in the giveti ratio, and draw EF, which will 
divide the trapezium as required. 

If the point F falls not between D and C, but, 
between G and H •, then BC muft be produced for 

the 
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rjf. the bale, inftead of DC. Or elfe reduce it baclc^ 

^ by Cor. 2. Prob. XII. 
'* For the part DAE is equal to DGE, and ECFT 
equal to ECB. Therefore EADF is equal to EOF, 
and EBCF equal to EHF, whence thefe parts axe 
as GF and FH, that is, in the ^ven ratio. 

PROB. XXXI. 

^0 cut ojf atff quantity of land frtm a trapezitrnf^ 
iy a Une parallel to onefide^ as CB. 

g Divide the mimber of acres, given to be cut 
^ dtf, by the fide CB, to which you arc to go paral- 
lel. And the quotient fet out from B to £, and 
from C to F J and draw EF. But if EF is greater 
than BC yoti muft fcarce go fo far, from B or C $ 
of if ft be lefs you may go fomcthing further. 
But when this is fet out, as the field is irregular^ 
you muft mcafurc the quantity cut off CBEF, and 
ftc what it is over or ibort. Then mcaiure FE 
and redurt that difference of the areas, to fquare, 
€hain3, which divide by the Ichgth of FE, and 
the quotient mxift be fet from E towards A, if yoq 
had cut off too little, as to e ; and from F to /. 
But the contrary way if you had cut, off too much. 
Then.draw ef for the true line of divifion,, 

Notiy you may fet il all to one end if you like^ 
aiulthfsayou muft double the quotient, and fet 
. it from E to ;i, on the greater fide» and draw nV^ 
And indeed the courfe of the ridges in a field o& 
ten cot^fine us i fp that when we exped they run 
pars^Uel to the hedge, we find them otherwife ; an4 
jfberefore we nniy lay out more at one end than th^ 
ather^ in (hefe c^est 

Cor. Hence we may apply this method to c^ny polf- 
gpk i provided the fides AB, CD, that we %vork upon^ 
^ Hot fatfrm paralltl. Otb(rw\fc a proper amxh 

ance 
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ame mufi he made for the increafe or decreafe pf tbeVif^, 
iine EF. 48. 

p R o B. xxxa. 

Any foligon^ regular cr irregular^ being given ; to 
divide it in a given ratioy frmn apoiflt itt Matigle or 
a fide ; or to cut off any ptantityfrom ft. 

Let ABCDE be the poligon ; reduce k mto ^ 491. 
triangle CFG, by Prob. XUi whofe vertex is C» 
and bafe FG. Then divide FG in the point I, in 
the ratio given;- and draw the line CI, which di- 
vides the triangle FCG# and alfo the poligoa 
ABCDE, as was required* 

Note^ if Ci do not cut AE, but fome other fide 
AB or ED, then that fide it cuts muft be produced 
for the bafe inftead of AE, the point C being ftill 
the vertex; or elfe it may be reduced by Cor. 2« 
Prop. XII. 

If a given quantity of acres was to be cut off; 
reduce that quantity to ch^ns, and take the neareft 
diflance from C to AE for the perpendicular ; di- 
vide twice that number of chains By this perpendi- 
cular, and the quotient will h6 the length of the 
bafe, which fet from F to I, then the line CI drawn, 
will cut off the quantity propofed ABCI. 

Otberwife thus. 

If the ratio of the tw6 parts be g^ej^^ and the 
whole quantity 1 then either part is eafily fbuftd. 

Therefore to cut off any quantity towards CB» 
meaiure fo mariy tHsihgles next ):hat fidt, as CBA» 
C AE, &c. till yeiu have fomething too niueh (or 
Wants a fmall matter) ; then cut off the ov^rpltis 
from the laQ: triangle (or the defeft from the ntxt} 1 
and draw the line of divifion. 

The method to cut off the due part of the hft 
triangle is tf^is^ \%^ C'AE be the trian^e^ Atn di^ 






I02 SURVEYING. 

Fig. vide twice the excefa (reduced to chains) by thp 
49* perpendicular from C to AE i and the quotient fet; 

from the laft amgle £ to I^ givc3 the point of di* 

vifioQ^ 

Exanip. 

The field ABCDE contains 42 acres, the part}> 
CBAI to be cut off is 27 acres. The triangle CBA, 
is 10.80; the triangle CAE is 24.46. The per* 
P^ndicular 22.7. 

10.80 
24.46 





27.00 


• 


• 


over 8.26 
82.6 


=: 82.6 

chains 




2 




12 


.7)»65«nr7'*8 
1589 

630 
454 

1760 


^EI, 






Therefore if EI be made 7. 28. chains, and C| 
drawn \ the part CBAI will contain 27 acres. 



Cor. By the fame mHhoit a poligon m^ he divided^ 
into affjf number of equal, par tJi an4 even into any 
Mumher of partSy whpfe proporfion^ are exprejfed iy 
Cftf numbers. 

This is done either by dividing the bafe of th? 
triangle l!*G in the ratio of the leveral parts. Or 
elf<p cutting off the feveral parts of the figure one 

after 






I 
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after another. And when there are many parts^ it Fig. 
comes to no more, than dividing a triangle into fe- 49. 
veral parts, by lines from the vertex^ as explained 
inProb. XX. / 

This problem is of very great ufc in practice ; 
and by thefe methods any pieces of land may be di- 
vided more expedicioufly, and as truly as by any 
method whatfoever. And for meafuring any poli- 
gon, when it is reduced to a triangle, it is done at 
once 3 which otherwife would require as many cal- 
culations, as there are triangles. 

P R O B. XXXIII. 

/ 

^0 divide a poligon into any numher of parts j equal 
ar unequal ; by lines drawn from a point wit bin it. \ 

To do this, you mull have the content of every 
triangle in the field,and of the whole Beld. And then 
beginning at any angle, draw a line to that angle, 
and take fo many of the firft triangles as will make 
. the firft part required i and what, they fall Ihort of 
that part, cut off the next triangle. Then take 
the remainder of that triangle, and fo many of the 
next, as will make up the fecond part. And (b pro- 
ceed round the figure, till all the parts be laid out. 

JEseamp. 

Let ABCDEF be a Jield containing 6g acres j which ^0, 
is to be divided among three men^ from a pond iH the 
middle at G ; fo that every man may have the benefit of 
ihe water. Andthefirfi man to have 25 acres^ the 
fecond 20, and the third 24* To Jet out e'Oefy mdifs 
/hare from the angle Q. 

Draw the line GC for the beginning of the divU 
fion ; and alfo lines to all the reft of the angles, as 
GB, GA, GF, GE, and GD. Then meafufe all 

the 



1 
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Fig. the triangles s and their contents will be as ^ 
50. lows. 

CX5B 11^.81 

BGA 15.47 

AGF 6.07 

FOE 6.6s 

EGD 16.83 

DGC 12.37 

69.00 



Then fince the firft man's fliare is 25 acres, ttit 

firll triangle CGB ii.Si is too little, and the fiHI 

and fecond triangles together, CGB and BGAf 

comes to 27«o8, which is more than 25 ^ therefore 

/fubtra£b 25 therefrom, and there remains 2.08* 

And therefore we mud cut off 2.08 acres from the 

triangle BGA towards A. To do which, tneafure 

the perpendicular from G to BA, 13.28 chains^ 

and reduce 2.08 acres to chains, which will be 

20.8; divide 41.6 or double thefe chains, b^ i3*iSi 

. and you. have for the quptiept ^.13 chaifis 5 Which 

,fct off by mqafur^, from ^ towards ^B, as to H, 

^fpr the dividing point. And draw GH, fo CGHB 

is,;Iie firit man's ihare. 

Then for the next man^s ihare. Add this 2.68- 
acres cut off, to the next tqangle AGF 6.07, the 
i^fum.is.S.i^ which is too little, add th^ pcxt trian- 
gle JFGE 6.€5, makes 14.80 acres, which is ftill 
^too little; and adding the next triangle EGD, It 
"iifill.be far too much. Theitfore we (hall cut off 
.an additional part of the triangle EGD atE. Sut>» 
trad 14.80 from 20 the fecppd maa'6 'diate, and 
tbi?re remains 5.2 acres, or 52 chams. The per*^ 
pendicular from G upon ED is 1 2.9 chains^ There-^ 
dfore divide 104 (the double or ^2) by 13.9, attd 
the quotient is 7.48 ch^s ; andthis xhuft t>e mea* 

furcd 
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furcd off from E towards D, as to L Then dra^fig*, 
GI, and HGIEFA will be the fecond mart's (hare. 50. 

Laftly, the remainder of the triangle GDE, is 
1 1 .63 equal to the part IGD ; to this add the tiim^ 
gle DGC 12.37 ; and the fum is 24 acres :for the 
areaGIDC, which is the third man's fbare. So 
the field is divided as was required. 

If the field was to 4>e divided into any. number of . 
equal parts ; divide the whole content of the field 
by the number of parts, the quotient 0iefws the 
quantity of one part or (hare. ^As jf .there aiif^x^ 
1 2 equal (hares in it, rthen one (hare .will bc yjf 
jaCres. Therefore cut from the triangle C(SB, '^7,5 
acres ; and from that and the next 7.5.acres,mon5, 
and fo on ; which may be done as before dire&ed ^ 
orbyCor. Prob. XVIir. 

1{ you defirc to cut off any number of acres gi- 
ven, without knowing the content of^iSie whple 
field. You muft meafure triangle after triangle^ 
till you get isis much as you want, <x veiy tieaer it. 
And for the defeft cut off a part of the tieiLt. 



jmotbcr. 



PROB, XXXIV. 
z plan or mapjruljf^ ftm 



Lay your plan upon the blaqjc-pap^t atml fir 
them both together upon fome flat board or tabk» 
that they may not move from one another or part 
afunder, till the operation is done. Tl^ra wirii a 
fine needle or pricker, make fmall; pricks thro* (f^i 
the principal angles, or pdaces on your plaa,-iriii(:h 
will malce fo many marks in your paper. Xhcfi l;akje 
off the plan, and draw lines from one pg&at c^ mark 
to another, as you find them in the plan ; till ali 
the lines be laid down. If you be in any doubt 
about fome pomt or prick % takes ixs diftance from 

one 



I 
\ 
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Fig. one or two points, you are certain of; and appljr 
it to the plan, and that will fet all to rights* 

Or thus. 

Take the map or plan, and rub the backUde 
all over with black lead ; then lay your paper upon 
a flat uble, and upon that lay the leaded fide of the 
plan. Faften them at the four comers, that they 
may keep together. Then wth a (harp pointed 
bodkin run over all the lines in your plan, laying 
pretty hard on ; and fuch other objedts as you 
would eicpreis. Then take off the map, and all 
the lines, that you traced with the bodkin, will ap- 
pear upon the paper ; which you may draw with 
mk, or may rub out at pleafure^ with crums of 
bread. 

Otbermfe thus. 

Take a paper well oiled with linfeed oil ; and 
laying the map upon a table, lay die oiled paper 
upon it, and faften them together ; then you may 
fee all the lines and furniture of the map, thro' the 
oiled paper, as thro' a clear glafs. Then with pen 
and ink, or with a bodkin, draw or trace all the 
lines in the map. So will you have a map in the 
oUed paper, which you may place upon another pa* 
per, if you pleafe. Thus by an oiled paper, may 
the figure of any flower, fruit, or other curious 
thing, be taken nrom any draught of it. 

Or thus. 

The drawings in a map may be transferred to 
another paper, by taking every line from the one, 
and fetting it upon the other, with a pair of com* 
paflles : but thb is very tedious, and requires a deal 
of time; but to facilitate the work, there are three 
legged compafles made, to take off* three points at 
once, and fet them down qn the new paper. 

PROB- 
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Fifit* 
P R O B. XXXy. 51.' 

To reduce any field to a greater or lejfer (ize^ in any 
proportion of the fides. 

Take a point \\y a fide or an angle, as at A. 
From rfiat point, draw lines to all the other angles, 
as AE, AD, AC, Then on any fide or diagonal, 
fet off the length of that fide or diagonal, accord* 
ing as you would have it reduced ; luppofe along 
AF, from A to/. From/ draw fe parallel to FE, 
to interfedi the next diagonal AE in e. From e 
draw ed parallel to ED, to interfeft AD in d. From 
d draw dc parallel to DC to interfcft AC in c. From 
c draw cb parallel to CB. Then afedcha^ wil be 
the reduced figure. 

Or you may take a point within the figure, 4s at 52, 
P ; from which draw lines to all the angles, PA, 
PB, PC, PD, PE. Then make ^a the reduced 
length of any line as PA ; and from a draw ab pa- 
rallel to AB, to interfedt the next line PB in b. In 
like manner draw bc^ cd^ de^ ea^ parallel to BC, 
CD, DE, EA ; e^ch from the interfeftion of the 
correfpondent line drawn from P, And ahcde will 
be the figure reduced, as was propofed. And by 
the fame rules, they may be reduced to a bigger 
fize, as well as a lefler. 

Cor. I. Hence the reduced figure is fimilar to the 51* 
original figure. 

For the angles are all equal ; and the fides pa* 
railed, and proportional, tp thofe in the given fi« 
gure. 

Cor. 2. Hence^ a figure ACE may he divided in a 
given ratio^ by lines parallel to the fides of the figure % 
J?y the fame method. 

Making A/ to AF% or P4* to PA% in the gi^ 
ven ratio. 

H PROB. 
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Fig. 
^2. PR B. XXXVL 

To reduce a map orplaHy to a lefs or greater fize, 
in any froportien of^ the fides. 

If the draught or plan is not lar^e, lay it down 
again by a foialler fcale ; to do which you muft 
take every line from the plan, and apply it to the 
fcale it was laid down by ; and then take the fame 
numbers, off the lefler fcale, to be laid down in 
the new plan. Thus you muft perform the whole 
work geometrically, by fcale ana compafs ; and it 
is beft to ufe a diagonal fcale, by reafon of their 
minute divifions. But when the plan is large, this 
method is tedious. 

Otherwifu 

Make a reducing fcale with a fmall hole, in a line 
with the edge of it, and nearer one end than the 
other, in proportion of the fize it is to be reduced 
to. Thete are both graduated with equal parts, in 
the fame proportion. Then glue or fix your map 
to a table, and clofe by it edge by ^dge a paper, on 
which it is to be reduced into a leffer or greater form. 
Put a ftrong needle thro* the hole in the center of 
the reducing fcale, and fix it in the table about the^ 
middle of the line where their edges join. Then, 
^ you would reduce it to a lefler fize ; turn the edge 
of the longer end of the fcaie, to stny objedl on 
the plan ; and fee what number of equal parts it 
<:uts ; and find the fame number on the other end 
of the fcale, anc) by its edge niake a mark on the 
- :papcr,. for the place of that objeft. And thus you 
.miift proceed till- all things on the map be laid 
down. \ . 

^ . But if you .would make a larger draught, you 
muft turn the fliorter end of the fcale to the objedls 
on the map, and the longer end to the paper. 

The 
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The rule muft be a thin plate, that the numbers Fig# 
may be pf icked off by the pdge of it. 

But plots or maps are bcft reduced by at> inftru* 
ment contrived on purpofc. This is made with 
two drawing pens ; fo that tracing one of them 
over all the lines in the plan, the other pen will 
defcribe it anew on a clean paper, either in a lefler 
or a greater fize^ as one pleafes. 

Or thus. 

Inclofe the map in a large fquare, . and divide that 533 
into leveral fmall fquares. Alio make a fquare upon 54^ ' 
your new plot, fo much lefs than the other, as you 
would have it diminilhed ; and divide it: alfo into 
the fame number of fmall Iquares. Then' obferve 
in what fquare, and what part of the fquare, any 
objed, on the. map, is placed; then place it ia 
the like fquare, and in the fame part of it, on your 
new plan,. And thus transfer every remarkable 
point in the map, into your new plo( ; putting it 
m its proper Iquare, and into the fame fituation* 
Thus in fig. 53. yovi have feveral clofes to the weft, 
and a hill near them -, likewife t river running thro' 
the ground, two trees near it, and a houfe. a little 
below •, with a road leading to it. And in the re- 
duced plan, fig. 54. you have alfo the clofes to the 
weft, and hill near them ; and the river running 
thro' the ground, and two trees befide it, and a 
houfe below, and the road going to . it ; and all 
placed in the correfponding fquares, and the fame 
parts thereof. And thus all other things therein, 
ought to be placed. And the fame way, a plan is 
reduced from a lefiTer to a greater fize ; but this 
feldom comes in .prailice. 

This method is very proper for a large plan, be* 
caufe it contains a great vari^ety of things. 

H 2 PROB. 
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Fig. 

P R O B. XXXVII. 

^0 reduce one fort of nuafure into another. • 

, In ibme places, thro* cuftom, they reckon more 
feet to the perch than the llatute allows ; and there- 
fore an acre with them will be greater than a fta- 
tute acre* But to know how many ftatute acres 
there are in any field, furveyed by a different 
perch •, and the (contrary) ; by having that perch, 
'a»d the correfpondent number of acres given. 
Multiply the number of acres by the fquare of the 
length of the perch it was furveved and planned 
by ; and divide the produft by tne fquare of the 
other perches length ; and the quotient gives the 
number of acres, according to that perch. 

Examp. 

Suppofe a field of 40 acres ^as planned by a perch 
of iZ feet \ boiV many ftatute acres does it contain f 
18 . i^Y «7Z.2l5) 1 2960)47.60 
i3 16^ 10890 



«■ 





20700 
19054 

16460 
272^ 16332 



12960 1280 



tmmm 



AnC 47.6 acres. 

Cor. ^be length of the percb^ a field is meafured 
hy \ is reciprocally as the fquare root of the number of 
acre 5^ it meafures tOy by that perch. 

PROB. 
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Fig. 

p R o B. xxxvm. 

Having given the content of a Jield ; to find what 
fcale it was laid down by i or bow many parts to an inch. 

Take any number of parts to an inch for your 
fcale, by which meafure the content of the field ; 
then multiply the content given by the fquare of 
ybur fcale (or number ot parts) and divide the 
produft by the content found by that fcale ; the 
fquare root of the quotient, is the true fcale, or 
number of parts in an inch. 

Examp. 

^iere is a field contains twehe acreit hut meafured 
iy a fcale of jo parts in an incb^ its content is \b\^ 
acres- 1 find the ftale*^ 

lo 24. 

10 100 



1.00 
16^)2400(145.5, 



750 
660 



i45.5<u.o7 



a«)45 
44 



90 

82 

8 



1.50 



So the fcale contains 18.07 parts in an inch. 

Cor. ?*** fcaU or number of parts in an incbt is 
as the fquare root of the content found iy it, in agtven 

field. 

H 3 SECT. 



Fig. C "* ] 

SECT. III. 

V 

Of Meafuring inaccejftbh Heights, and 

Diftances, 



«Mrtb 



P R O B. I. 

Si mtafure the height of aftf perpendicular ehjeff AB, 
where you can come to the bafe A. 

^5. T ET ABD be the objefb, as fuppofe a tower, 
I ^ whofe height AB is required ; AC a horizontal 
line \ for here C is fuppofed to be level with die 
foot of the objedt at A. 

Take your ftation at C, about as far from the 
obje£t as the height of it ; and where you can f^e 
both the top and foot of the objeft ; and there 
place your inftrument, with which take the angle 
BCA ; that done, meafure the diftance CA, froni 
the inftrument to the foot of the tower. Then' by 
plain trigonometry fay. 

As radius : 

to the dijiance C A : : 

So the tangent of the angle BCA : 

to the height of the tower AB. 
To the height thus found, add the height of 
the inftrument above the ground. 



Examp, 
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Pig: 
Exaff^. 55/ 

Suppofe the angle BCA 51 52, and diftahce 
CA, 04 feet. , ' 

Rad •— ' 10 

CA 64 — 1.80618 * 

Tan. 51 52 — 10.10510 

AB 814. — 1.91128 



To which add 4 feet the height of the eye, the 
fuiri is 85^ feet. 

This may alfo be refolved by projeftion 5. draw 
CA, on .which fet 64 feet from any fcale, to A* 
Eredt the perpendicular AB. Then make the an- 
gle ACB 51 52 ; and draw CB interfefting the 
perpendiculalr in B, the top of the tower. Then 
AB meafured on the feme fcale, gives 8 it* 

Otbenvifcy by thtfiadow. 

Upon plain ground, fet up the ftafF nh perpen- 
dicular to the horizon ; ib that the fun fhining, it 
may cad: the fliadow ac^ and let AC be the fliadow 
of the tower. AB, Then ineafure the {hadows ac 
and AC, and the length of the ftaff ab. Then fay> 

As the length of the fta^sjbadtm ac : 
\ is to the height of the ftaff ab : : ,, 

So is the length of the objeSPs fiadow ACi 
* to the height of the objeSf AB. " '/ ' ' ^ ' 

Or thus by the fliadow without the ftaffl T^e^ 
with an tnftrument, the altitude of the fun; when 
^the fliadow of the top of the tower B, faHs a;t: G. 
Then meafure CA, and you have the angle C, and 
the bafe CA ; to find the perpendicular B A ( which 
is done by the firft method. — 

. • ' * a> 

• . ' - '. 



f 



• 
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^f' Scholium. 

55. 

In taking the angle ACB, if you move back- 
wards or forwards, till that angle be juft 45 de^ 
-grees ; then the diftancc C A, being meafurcd, will 
be equal to the height AB. 

If you be on the top of the tower, you may 
take the angle ABC, to any mark at C ; then fub* 
trading the angle ABC from 90, ^ives the angle 
ACB ; then meafuring AC ; from thefe, AB will 
be found as before. And this comes to the fame 
thing as meafuring a depth. 

Hence alfo if the height AB be given, the dif- 
tance of any point C, as AC, may be found •/ ha- 
ving the angle ACB. It is only varying the pro- 
portion, given in the firft method. 

We may obferve, that the altitude AB, may be 
found otherwife than by calculation, if we can get 
to the top of it. And that Js, by help of a line 
and plummet, let down from the top B, to the 
bottom at A. For the length of the line, reach- 
ing from B to A, being mcafured, gives the height 
BA. 

PROS. IL 

7!o meafure an inofcejibk height DB. 

56. &>ppo(e DB to be a tower and a Ipire, where 

we cannot come at the bottom of it \ or in cafe of 

a mote or other hindrance, between us and the ob- 

jed \ that we can get no hearer than A ; we muft 

proceed thus. , ' , , 

Suppofc the line of ftation BAC, drawn from the 
£oQt .of the perpendicular DB, to be horizontal. 
In this line we muft take two ftations A and C, at 
a good diftance from one another. Then place the 
inftrum.ent at A, and take the angle DAB, luppofc. 
• 58f 1 ?then go to the other ftation C, and take the 

angle 
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angle DCB, 38 deg. Then mcafure the diftanceFig. 
between the ftations CA, 26 yards. ,56. 

Then to projeft it, draw a line CB, and at one 
end A, make the angle DCS 38 deg. and draw 
CD. Then fet off the ftationary diftance 26 from 
C to A i andat A make the angle BAD 58 deg. 
and draw AD, to interfeft CD in D. Then the 
diftance of D from the line CB, applied to the fcale, 
gives the height 40 yards. 

Or tbusj iy Trigonometry. 

SubtraftBCD 38% from BAD 58^; there re- 
mains 20°, for the angle ADC. Then, 
.• jRad — 10. 

^"^ IXf. ADC, 20 953405 



To CA, 26 1.41497 

ois i^-^' 38 9-78934 

I X S.A, 58 9.92842 



21.13273 
To the height BD, 39.7, 1.59868 



To this height, add the height of the inftrumenc 

above the ground for the whole height. 

For by trigonometry, S. <C D : C A : : S. <;C . 

AT^ S.CxCA J , .r^ S.CxCA 
AD = ~ and rad : AD or ClzI^ : : 

S.D S.D 

S.A : BD •, that is, 

Rad x S.ADC : CAxS. ACD : : S.BAD : height BD. 
or Rad x S.ADC : S.ACD x S.BAD : C A : BD. 

Or tbus^ Ij nat. tangents^ 

Find the difference of the cotangents of the an^ 
gles BAC, and BAD. Then, 
Js the dif. totangenis : 
Radius : : 

So the Jtationary difiance CA : 
to the height Ti^. Cot. 



ii6 S 

Fig. Cot. 38 
56. Cot. 58 

diff. 

then 



R V 


E Y I N 


G. . 


1.27994 
.62487 






•65507 


V 


• 

* 


'655 ; I 


: : 26 : DB. 


ldbL 


.653)26.00(39.7 = 
^965 


• • 


6350 
5895 


1 

1 


1 


455 


I 

* 

i 



« • 

For if DB be radius, CA will be the difference 
of the tangents of ADB and CDB, which are the 
complements of A and C. And therefore rad : that 
difference; ; DB : CA. 

Oiberwife thus. 

If you take two ftations at A and C, fo that the 
angle DAB fhall be double to DCB. Then CA 
will be equal to AD. 
T\itti Radius I 

the ftatiomnxdtftaHce AC : : 
Single DAB : 
tQ the height DB. 

Or thus: 

Take the ftation at A, fo that the angle DAB 
may be juft 45 degrees ; and the angle DCB 26^ 
34'. Then the height DB will be equal to the fta- 
tionary diftance CA. 

For when DAB is 45, DB = BA = CA, and 
CB =: 2DB. But it is, as CB (or 2DB) : DB, or 
as 2 : 1 : : rad : tan. 26* 34'. 

Cor. 



Sca.ni. SURVEYING* ii:r 

Fig. 
. Cor. I. Hence one may find ^ the height of one ob- c6. 

je£iy DEF, ftanding upon another GEF. 

Firft find the whole altitude DB,- and then the 

height of the tower EG, by this Prob. And their 

difference, is the height of the fpire EDF alone. 

. Cor. 2. If the height of the tower EG he known •^ 
any diftaHce CA, in the line GC, may be meafured 
from E. . 

For that is only the reverie of this Prob. and 
therefore CA may be found by working the pro- 
portion backwards, by the natural tangents 5 or by 
the fines \ as laid down before. 

PROB. III. 

7o meafure an inaccejible height BD, iy means of 
any twoftations ; fo that one of them A, may be level 
with the bafe B of the objeif^ 

Draw the horisontal line BA, and taking one 57^ 
ftation at A in that line, take another any where 
as at C, no matter whether it be higher or lower. 
Place the inftrument at A, and take the angles 
BAD and D AC, and go to C, meafuring the fta- 
tionary line AC 5 and at C plant the inftrument, 
and ts^e the angle ACD. Then fubtrad: the fum 
of the angles DAC and DC A from 180, to get 
the angle ADC. 
Thm fay, r Radins 

^IXS.ADC 
S.ACD 
DAB 
So ibeftationary difiance AC : 
/^ the height BD. 

. Examp, 
There is a tree DEfianding upon a high hill BE •, t0 
find the height of its top D, above the level of A. 

. Firft 



. r S. AC 
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Fig. Firft I place the inftrumcnt at A, and take the 
57. angle BAD 58 deg. and the angle DAC 72* 10'. 
And then I mcafurc the ftationary diftance AC 26 
yards, and at C I fix my inftrumcnt, and take the * 
angle ACD 64*^ 30^. Therefore, ADC is 43 20. 
Whence, 

{Rad. lo, 

S.ADC, 43 20, 9 83647 



{ 



S.ACD, 64 30, 9-95548 

S.DAB, 58 o, 9.92842 

AC, 26 1 441497 



21.29887 
height BD, 29 1.46240 

. Then to this height, add the height of the in- 
ftrumcnt. The demonftration is the fame here, as 
in the laft Prob. 

Or thus. 

Take the ftation A, fo that the angle BAD may 
be 30 deg. Then will DA be equal to aDB; and 
it will be. 

Ax S.ADC, 

to tCA ; 

So S.ACD, 

to the height DB. 

Otherwife thus. 

This fuppofes both ftations A and C to be level 
with the bafe B of the object. 

Here are given the angles of altitude BAD, 
BCD, and the horizontal angle at one of the fta-' 
tions, as ACB, and the ftationary diftance CA. 

Make as tan. BCD : tan. BAD : : S. ACB : S.BAC, 
obfcrve whether acute or obtufc. 

Then fubtradt the fum of the angles BCA and 
BAC from 180, gives the angle ABC. Then fay. 

As 



»■*<:• ■t 




^i 
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As S.ABC X radius : S.ACB x tan. BCD i : foFig. 
the ftationary diftancc AC : to the height DB. 57. 

This method is deduced from Prob. 125 of my 
Algebra. 

In the former method, the point C may be either 
in or out of the plane DAB, as is evident. For DAB 
is perp. to the horizon ; but ADC may be any way 
inclined to it., But in the latter method both AD6, 
and CDB are perp. to the horizon ; and therefore 
the plane DCA muft always be inclined to it. 

Cor. I. ui depth may he found the fame way as an 
altitude i by ajfuming two ftations^ from both wbichy 
onffpot in it may befeen, where you canfef up a mark. 

This is eafily underftood^ by only conceiving the 
point D to be below B« 

Cor; 2. If CA coincided with AB, this would 
come to the fame cafe as the laft Prob. And if C A 
was perpendicular to the horizon^' this Prob. would be 
the fame as finding one altitude BD, from having ano- 
ther altitude AC given ; which therefore is eafily re* 
folved. 

After this manner the herght of a hilt or a moun- 
tain, or any objeft above the level of the place, is 
eafily found. 

Cbr. 3. Hence may be found the height DE of one 
objeSt upon another ; by firji finding the height DB, 
and then EB j and the difference will be the height DE. 

PROB. IV. 

^ofind the height of a very high mount ain. 

This might be refolved by What went before, if gg^ 
k was not for the refraftion of the rays of light, 
which do not come ftreight to the eye from fuch a 
height in the atmofphere, where the air mi|(i: be 

greatly 
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Fig. greatly ratified. For this reafon^ a ray coming from 
58. the top of a mountain to the earth, defcribes a curve 
line, concave to the earth. Therefore an obferver 
\ at the earth, taking the angle of altitude of an 
objeft upon the top of it, dire6ts his eye along the 
tangent to that curve ; for in that dire^ion the 
' rays come to the eye. But as that tangent runs 
above the mountain, he makes the angle of alti- 
tude higher than it fhould be \ and of confequence 
the mountain itfelf higher than it really is. Now 
to rectify this, let maXs be fet up at the ftations A \\ 

and C ; and one at the top of the mountain at D. 
And let the obfervers go, one to A, and the other 
to D ; and let them both at the fame time, make 
their obfcrvations thus ; let the obferver at A take 
the altitude of D above the horizon*, where the 
rays, inftead of coming in the right line DA, will 
come in the direftion FA, the tangent of the curve 
at A : and therefore he really takes the altitude of 
the point F. Alfo^ let the obferver at D take the 
depreflion of A below the horizon; where the 
rays, inftead of coming to him in the line AD, will 
. come in the direction FD, the tangent of the curve 
. at D. And therefore he has taken the depreflion 
of the point F, inftead of D. Now by comparing 
notes, the angle at A will be greater than that at 
D, whereas they ought to be equal. Therefore 
take half the difference of the obferved angles, and 
fubtraft it from the altitude taken at A, and that 
gives the true altitude. For the altitude at A was 
taken too great by the quantity DAF, and that at 
D too little by ADF equal to the former. The 
fame thing is to be done at the fecond ftation C. 
Thefe angles, being redtified, you may then proceed 
by either method laid down in the laft Prob. (efpe- 
ciaily the latter) to find the altitude ; and for this 
purpofe make yqur ftationary diftance AC as long 
as you well can. 

It 
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It may happen that two ftations may be taken Fig, 
upon a mountain, more conyeniently than below ; 58. 
and then you will only want one ftation below. 
But this creates no material difference in the work i 
for it is only finding a depth inftead of a height. 

P R O B. V. 

^0 find the height of a cloud hy itsjhadovo. 

Obfervc feme fmall cloud which is coming direft^ rn; 
ly towards you, or going dired^ly from you 5 as C. 
Then obferve when the middle of its fliadow is at 
fome remarkable point upon the ground, as at A ; 
at that inftant take the altitude ABC of the' middle 
of the cloud. That done, take the fun's altitude 
at the place of your ftation B, and that will be 
equ^l to the angle B AC ; alfo meafure the diftance 
BA between your ftation and the ihadow. Then 
you have a triangle ABC, where all the angles and 
the fide BA are given ; which is eafiLy laid down 
by rule and compafs, and the height of C, above 
B A, found. Or by trigonometry. Subtraft the 
fum of the angles at B and A from 1 80, to get the 
anglp C. Then fay, as rad X S. ACB : S.B AC X 
S.ABC : : fo the ftationary diftance AB : to the 
height of the cloud. 

ForS.C: AB::S.B: AC = ?:|xAB. And 

S B 

rad : AC or -1— x AB ; : S.A ,: perpendicular 5 or 

S.C 
rad X S.e : AB : : S.A x S.B : height. 

If the cloud be diredly over your head at the 
time of obfervation, then CBA will be a right an- 
gle. Then rad : AB : : tan. fun's altitude CAB : 
height CB. 

You muft have a fmall cloud to obferve by, bc- 
caufe the obfarvation muft be made to a point.' 

But 
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Fig. But if you would obfenre a large cloudy take the 

59. altitude of the veiy edge, and obferve the very 
edge of the (hadow. And you muft be upon ibme. 
large plain or open ground, where you can lee about 
you. 

P R O B. VI. 

To find the altitude of an objeS tvbofe top appears 
juft in the horizon ; halving the diftance in miles given. 

» 
This is a matter which frequently happens at fea, 

in failing to or from the land. 
Square the diftance in miles, which multiply by 

the decimal .2223, and the produft is the height 

of the objeft in yards. 

60. For let AD be an arch of the earth's furface, 
DB the height of an objeft, AB a tangent at B« 
Then in the right angled triangle CAB, CB^ or 
CD* + 2CD X DB + DBVz: CA* + AB*. But 
becaule CA = CD, 2CD X DB + DB^ = AB% 
or (becaufe BD is very fmall) 2CD X DB = AB* 

= AD*, and DB = •^^. But iCD, or the 

2CD 

earth's diameter, is 7916 miles; therefore 
i^ = DB in miles, and ^^^ ^ ' 7^ = dB in 

7916 1^^^ 

yards *, that is, .2223 X AD* = the height DB in 
yards. And the point B juft appears or difappears, 
to a fpeftator in the tangent ix, A. 

PR O B. VII. 

Tlo meajure the length of a horizontal line AB ac^ 
eejftbk at both ends^ A and B. 

^ ^ ^ A line may be accefllble at both ends, and yet 
* cannot be meafured, by reafon of ibme impedi- 
ment which happens to be in the way, as wood, 

water. 



I 
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water, houfes, &c. In fuch a cafcj fet up a ftakcFig. 
at fome diftancc from the line, as at F ; and thro* 61* 
F produce the lines AF, BF, beyond F^ in which 
take FD equal to one of the lines as FA, FC, equal 
to the other FB ; and leave two marks at D and C* 
Then meafure the length of the line CD,** which • 
will be equal to that required AB. 

If there is not room to meafure out the lengths 
A Fi BF \ take half of them arid meafure from F 
to D and C •, then meafure CD and double it. Qr 
take f of each, and then CD is f of ABi 

Or thus. 

Take a ftatiori at fome place where you can fed 
A and B, as at.Fj and with aninftrumenttakethe 
angle AFB, then meafure the two lines AF, BF. 
And then the triangle AFB is eafily laid down with 
fcale and compafs. 

Or take .the angles at A and B, or any two an- 
gles ) and meaftjre one fide ; and then the triangle 
may be laid down, or computed by plain trigono* 
metry. 

P R O B. VIII. 

^0 meafure a difiance AB, accejfibk only at one 
endB. 

Let the end B be one ftatlon, and chufe arlother ^^ 
at a convenient place as C ; and having an objeft 
at A, produce the lines AB and AC to D and E^ 
of any length. Then meafure the fides of the tri- 
angle BCD, and alfo the fides of the triailgle BCE. 
And by thefe the diftance BA may be determined} 
all this with the chain only.. 

Upon a paper draw the line BC, of its due lengthy 
and on that conftruft the triangle BCD with the 
fides you meafured. Alfo upon the fame line BC, 
make the triangle BCE, with the fides, as you mea^ 

I fured 
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Fig. fured th/cm. Then produce . DB and EC till they 
6^. intcrfeft in A ; then BA mcafured, on the fame 
fcalc, will (hew the diftancc of A from B, or the 
length of the line BA. 

It njay be alfo computed by plain trigonometry. 
In the triangle CBD there are given all the fides ; 
to find the angle DBC, and its fuppiemcnt ABC. 
And in the triangle BCE, all the fidp s are given, 
to find the angle BCE, and the angle BC A its fup- 
plement. And laftly, in the triangle ABC all the 
angles will be known, and the fide BC, whence AB 
will be found. ^ 

Or thus. 
Take one ftation at B, and another at a conve- 
nient diftance as C ; and fet up marks. Then placing 
the inftrument at B, take the angle ABC, between 
fome mark or objedt at A, and the mark at C. Then 
meafure the ftationary line BC ; and place the in- 
ftrument at C, and take the angle ACB, between 
the fame objeft at A anci the mark at B. Then 
fubtraft the fum of thefe angles B and C from i8o, 
to get the angle A. Then fay, 
As fine of the angle A : 
to the ftationary diftance BC : ^ 
So fine of the at^le C : 
to the diftance AB. 
The diftance B A may alfo be found here by rule 
and cofnpafs, by laying down the triangle ABC. 

Or thus. 

Make the angle AEG of 60 degrees, or if you 
cannot at B, take fome other point in the line BD. 
Then choofe fome other point C, in the line BC» 
that the angle BCA may alfo be 60. Then mea-^ 
fure BC, and that is the length of BA. For if 
ABC be 60% and BCA 60, then CAB will be 60 1^ 
and the triangle ABC will be equilateral. 

Or elfe make the angle ABC a right angle, and 
Ibmewhere in the line BC, take the point C, that 

thQ 
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the angle BCA may be 45 degrees. Then mea-Fig* 
fure with the chain the length of BQ aiid that is 6a^/ 
the length of BA* For the angle at A is alfo 45 
degrees; and therefore the fides oppofitc to the 
equal angles, AB and BC, will be equal. 

Or you may make the angle ABC a right angle, 
and the angle ACB 60 degrees. Then meafure thd 
length of BG ; then B A will be equal to the fquard 
root of 3BC*, or equal to BCv/3. Fdr in that cafe 
AC z: 2BC, and AB* = AG* — BG* = 4BC* — 
BG* rs 3BG\ 

Or make the angle ABC what you will, and the 
angle BCA half the fupplement of it -, then mea- 
furing the length of BC, you will have the length 
of BA. For then the angle BAG will alfo be half 
the fupplement of ABC, lince they are both toge* 
ther the whole fupplement. Therefore their oppo* 
fite fides are equal. 

P R O B. IX. 

T0 meafure an inaccejfthk dijiance AB ; or one tba$ 
cannot be come tOj ai any end, 

. Set up a ftake /omewhere irt the line B A pro- 63.'. 
duced, as at G ; then chufe another ftation as at D« 
Then with an inftrument at G, take the angle AGD. 
Then meafure the diftance CD ; and placing the 
inftrument at D, take the angles CD A, ADBv 
Subtract the fum of the angles ACD and ADC 
from 180, and there remains the angle C A D^ or 
rather add the. two angles ACD and ADC together, 
and you have the angle DAB. Like wife fubtraft* 
the ium of the angles DAB and ADB from 180, 
and you have the angle ABD. Then make, ad 
S.BAD X S.ABD : S.ACD X S, ADB : : fo is thb 
ftationary diftance CD : to the diftance fought, 
AB. 

I 2 For 
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^^S- ForS.A : CD : :S.C :AD=^xCD. 
^2* S.A 

And S.B : S.ADB : : AD or llS x CD : AB. 

S.A 

Or S.A X S.B : S C X S.ADB : : CD : AB. 

It may alfo be laid down by projedion. Draw 
the line CB, and make the angle BCD equal to that 
obferved •, let off CD, the diftance mcafurcd ; and 
at D, make the obferved angles CD A, ADB; and 
the part AB intercepted between DA and DB, is 
the diftance required. 

Or thus. 

• 

^4* When you cannot get a ftation in the right line 
AB ; take a proper llation at F, where you can 
fee A and B -, and produce the lines AF and BF, 
' to D and C, and make FD and FC, of any con* 
venient lengths, by meafuring them. Then pla* 
cing the inftrumcnt at F, take the angle AFB. 
Then go to C and take the angle ACB; and like- 
wife at D, the angle ADB. Then the work may 
be laid down thus. 

Draw any line Ap, and at any point as F make 
the angle AFB equal to that obferved, and draw 
the line BFC ; and fet off the dift:anccs FD and 
FC. Then at the point C, make the angle BCA, 
equal to that you meafured, drawing C A to inter- 
feft DA in A, one end of the line. Again, make 
the angle ADB equal to its meafured quantity, and 
draw DB, interfeding CB in B, the other end of 
the line ; then AB meafured on the fcale is the dif- 
tance required. 

To refolvc it by trigonometry. Subtraft the angle 
ACB ifom the angle AFB, and you have the an- 
gle CAF •, then in the triangle CAF, all the angles 
and the fide CF are given, therefore to find AF, in 
will be^ 
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As fine of the angles CAF : Fig. 

to the fide Z^ \ \ 64, 

a^ the fine of the Single ACF : 

to theftde AF. 
Again, fubtradt the angle ADB from AFB, and 
there remains the angle FBD. Therefore to find 
tB in the triangle DMJ; it is. 

As fine of the angle DBF : 

to the ftde FD : : 

So the fine of the angle FDB : 
■ to theftde FB. 
Then in the triangle AFB, there arc given the 
'two fides AF, FB, and the included angle AFB j 
by which the fide AB will be found. 

If the points C, D, be taken in the lines BF, AF 
produced, fo that the angles ACB and ADB may 
be each of them half the angle AFB ; then the 
line AB will be equal to CD. For then the angle 
ACF is equal to CAF, and FDB equal to FBD ; 
therefore CF is equal to AF, and DF equal to BF j 
whence AB is equal to CD, 

If there is not room to go back to C and D, you 
may take a ftation fomewhere about G ; and find 
the length of AF (by Prob. VIII.) by the method 
of meafuring diflances, acceflible only at one end. 
And the fame way, find the length of BF. And 
then the line AB will be found as before, 

Otherwife thus. 

Having chofen two points of ftation C and D at 
a proper diftance, in the fame -plane with AB, 
whofe diftance may be meafured -, and from which, 
A and B may b^ feen. There fet up two marks ; 
and placing the inftrument at C, take the angles 
ACB, BCD. Then meafure the ftationary dif^ 
tanceCD; and at D^ placing the inftrument,. take 
the angles CD A, ADB. Then you have the an- 
gles ACD, and CDB, Take the fum of the 
^n^les ACD and CD A from i8o» and there remains 

I 3 the 
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}**ig.the angle CAP. And in the fam^ miinnerthe ^n-r 
(S^.gle CBD 1$ found. 

Now we have in the triangle ACD all the angles, 
and the fide CD, from which the fide AC will be 
found. Then in the triangle CBD, we have all 
the angles and the lide CD, y^hence we can find th$ 
fide CB. Laftly in the triangle ACB, we have the 
two fides AC, BC, an4 the included angle ACB i» 
from whence the required fide AB is found. 

It may alfo be laid down by rule ^nd pompafs, tQ 
fave the trouble of fp many calculatiops. Draw 
any linp as CD, on which fet oflf the dittance of the 
ftations at C and D. Then at C, make the angles 
BCD, BCA, drawing the lines CB, CA, Again 
make at D, the angles CD A and ADB, ^U equal 
to thefe mpafured ; and draw DA, which interfefts 
CA in A. And draw D3, which interfcfts CB in 
B, and AB drawn and meafured is the diftance 
fought. And thus you may meafure any of the 
lines CA, CB, or PA, DB, h^ applying tl^em tq 
your fcale. 

it is no matter whether the line AP be hpri^onr 
tal, perpendicular, or inclined, provided Cp be 
in the fame plane vvith AB. For then the length of 
AB may always be determined by the two ftation^ 
C and D. And therefore if AB be an ipacceffible 
altitude, and C, D, twp ftations either in a per- 
pendicular CD, or upon any hill fide-, the height 
AB may be found as aboyej ^s will be evident by 
fuppofing the plane CADB perpendicylar to th^ 
Korizon. 

Otberwife ihus. 

If we cannot get two ftations C, P, in the fame 
plane with AB, the line to be meafured ; then wc 
tnuft take at C, the three angles ACB, BCD, an4 
ACD ; and at D- the three angles CPA, ADB^ 
and CDB ; and meafure CD ; and then proceed in 
|he Y^ry fame manner, to find AB, as before. An4 



.1 
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this may be done two ways, i. finding AC and Fig. 
CB, and then A B ; or 2. finding AD and DB, and 64. 
then AB. And if it be done both ways it will be 
a proof of the work. And this method is univer- 
fal, however the ftations C, D, be tak^n; and 
whatever polition the line AB is in, whether paral- 
lel to the horizon, or perpendicular, or any way 
inclined ; provided that A and 3 can but be fecrn 
from both the ftations C and D. 

P R O B. X. 

To take an inaccejftble diftance AB, when both ends 
of sty A and B, cannot be feen from any two-fiations^ 

AflTume fomc ftation D, from which both A and 65, 
B are vifible. Take two other fide ftations, C and 
E, fo that A may be feen from C, and B from E ; 
and both C and E from D, Then by Prob. VIII. 
find the inacceffible diftance DB from the two fta- 
tions D, E ; and the inacceffible diftance DA, from 
the ftations D and C ; which is to be done thus, 
Meafure the diftance DE, and the angles BDE, 
BED, from which find the fide BD. Alfo mea- 
fure CD, and the angles ADC and ACDj from 
which the fide AD will be found. Then meafure 
the angle ADB ; and in the triangle ADB, there 
are giv^n the two fides AD, BD, and the included . 
angle ADB, to find AB as required. 

The conftruftion of this, by rule and compafs, 
will be eafy. From any point D, draw DE of a 
proper length, and at D make the angled EDB, 
BDA, and ADC ; on DC fet its meafured diftance 
to C, Then at E, make the angle DEB j and at 
C, the angle DCA. Then the lines EB and CA 
will cut DB and DA in B and A; therefore AB 
drawn and meafured» will be the diftance fought. 

I 4 ^ . Or 
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Fig. ' ' 

66. Or thus, 

When no ftation can be found, from which both 
A and B can be feen ; take two ftations C and D, 
ib that A may be feen from C, and B from D, 
Then take two fide ftations E and F -, by help of 
which, find the inaccefTible diftances DB and CA 
(by Prob. VIII.) by meafuring the difi^ance DE, 
and angles EDB and DEB ; and alfo CF and the 
angles FCA, CFA. Then meafure the angles 
ACD, and CDB, and the ftationary diftance CD. 
Then in the triangle ACD, the fides AC, CD, and 
included anglp ACD being given; the fide AP 
and the angle ADC will be found ; and ADC fub- 
traded from BDC, gives ADB. Then in the tri- 
imglp APB, the two fides AD, DB, and the ip- 
/cluded an^le ADB are given ; t6 find AB the dif 
fance required, 

TJic conftruftion is eafy enough. Draw CD, and 
make the angles FCA, ACD, CDB and BDE ; 
.and fet off the diftances CFj PE ; then make thp 
angles CFA, I5EB ; and PA, EB, will interfedk 
CA, DB, in A and B \ and AP i^ the diftancp 
foughp. 

Other Problems concerning heights and diftances 
might be devifed, frortl the various fituations that 
pbjc6l3 may be fupppfed to haye. But the founds-? 
tion of all is conpainjed in what has been here laid 
fdown ; and to add more, would only confoun4 
f hp ijiemory, and fwell the book to little purpofej 

PRO?. XI, 

Tfifnd the kz^el of two places -y or tofn^ the afccnf 
^fr (icjifnt from one place to the ofhfr^ 

This is beft done by a fpirit level with telcfcopip 
fghisj which maybe fet Icycr by fcrews, whicji 
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raife or lower one end of it. You mud alfo have Fig. 
two poles, four yards long, with white papers or 66* 
marks upon them \o Aide up and down, and crofs 
the middle of the mark, a black' line is drawn ; 
and you mud have two affiftants to carry thefe t>fo 
poles. 

To take a level from A to 1, Let one of the 6jm 
men ftand at A and the other at C, and at a conve- 
nient place as P, between A and C, place the level, 
;and fet it horizontal by help of the fcrews. Let 
the man at A hold the pole upright in his hand at - 
A, whilft from P, you look through the fights to- 
wards A, and caufe the man at A to flip the mark 
up or down, till the black ftroke on the mark at B, 
be level with the fights ; then meafure B A. Then 
caufe the other man to ftand at C, and hold the pole 
upright, then turning the inftrument round at P, 
and looking towards C^ caufe him to raife or lower 
his mark, till thro* the fights, you can fee the black 
ftroke at D ; then mealure the height above the 
ground CD. And the difference of tlie heights AB 
.and CD, is the afcent^or defccnt, if there be no 
more ftations. But if there are many ftations make 
^ table v^ith two columns, one for the back fta- 
tions, and the other for the fore ftations. Now to 
proceed, fet down the two heights AB, CD ; and 
let the man at A go to F with his pole, and re- 
move the inftrument to Q^ and level it -, then di- 
re<5t the 'fights towards C, and let the man at C flip 
bis mark up or down till the black line appears 
fhro' the fights, as at E ; and meafure CE. Then 
furning the inftrument about, look towards F, till 
thro* the fights you fee the black mark at G, and 
imeafure GF ; in the mean time the man ^t C re«- 
fnovcB to f, and placing the inftrument at R, di- 
fe<St towards F backward, and to K forwards. 
And fo proceed from ftation to ftation to the end. 
/^d fet down the ine^furcs you topk of the back 

ftations, 
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Fig. ftations, AB, CE, F^, and tht fore ftations CD, 
67. FG, IK, in their proper column's. And at laft 
fum up both the columns, and take the difference 
of them ; and if the fore ftations exceed, you have 
a defcent j but if the back ftations exceed, it is an 
afcent. If they be equal, you have a level. 



Sta. 

I 

2 

3 


Back fta. 


Fore fta. 


f. in. 

4 

5 4 



f. in. 

2 6 

7 3 

3 


9 4 


12 9 




3 5 



So as the fore- ftations are greater, there is a def- 
cent of 3 feet 5 inches, from A to I. But in the 
length of a mile, 8 inches defcent muft be allowed, 
upon account of the earth's curvature ; that is, if 
you meafure along the tangent, at the point A, 
But if the water is to run, a greater allowance muft 
be, made, in proportion to the velocity it is to run 
with. And thus it will be known whether or no, 
water can be conveyed from one place to another. 
But it is difficult to take a height, the length of a 
mile to a few inches, for many propolitions may 
be firm and true in geometrical rigor •, which re- 
duced to praftice amount to nothing at all* 

Qtberwife thus. 

To know if water can be conveyed ;n an open 
channel ; take two boards half a yard long -, make , 
two holes in the middle of them, in which fet up 
two fmall flicks, perpendicular, and exa(^ly of 
the fame height j at the tops of which, fix white 
marks, or pieces, of paper* Set the boards in the 

water 
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water to float, at a competent diftance from one Fig. 
another, the further the better. Then as far from 67. 
the pond as you can, fct up a third ftick, with a 
mark to flip up oi; down, which mufl: be in a line 
with the other two. Then looking along the tops 
of the two firft flicks, flip the mark on the third, 
up or down, till it be exadtly in the fame horizon- 
tal line. Then meafuring the difliance of the mark 
from the ground, land comparing it with the length 
of the fl:icksi you will know, which place is higher, 
and how much. And thus you may proceed to 
further places, by fetting up more fticks, or re- 
moving the boards thither. 

After this manner fetting your boards in a ditch, 
and a fliick at a good difl:ance, with a mark on it, in a 
line with the tops of the other two ;' you will find 
if the ground defcend. ^ 

If water is to be conveyed to any aflSgned place, 
in an open channel, no part of the channel muft 
be lower than the place it leads to ; for if it is, the 
water can never rife again to the height of the lafl: 
place. Therefore, that you may always caufe it to 
go by an eafy defcent, carry the trench by any turn- 
ings and windings, by the fides of hills or otherwife, 
keeping near a level. Not being folicitous to have 
it go flireight, tho* the nearer to a ftreight line the 
better, if the ground will permit. But if there 
happen to be any valley? of low grounds •, the war 
ter mufl: be carried over them in troughs, fupported 
by bridges or pillars. And if a -hill interferes, it 
mufl: be cut throtish to the fame level. 

But if water be to be conveyed in clofe pipes, you 
may defcend into valleys, becaufe water in the pipes 
will rife to the ftme height. Bqt where there is a 
hill it muft be cut thro'. If the defcent be great, 
the pipes muft be laid one up, and another down ; 
pr in and out, to check the violent motion of the 
f urrpnt j and not in a right line, 
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Fig. If a canal is to be cut thro' a country, for the bc- 
67. ncfit of carriage ; be fure to take it from a place 
high enough to carry the water over the intermedi- 
ate places i and where' there is plenty of water. For 
you may defcend when you .Will, but you cannot 
rife i by this means, by turnings and windings, you 
' may conduft it over any rifing grounds. Yet it 
will often be better to build bridges over hollow 
.places, to carry the canal, than go too far about. 
And when there is plenty of water, the navigation 
will be quick ; and the water, loft by opening the 
locks or flood gates, will foon be fupplied. But if 
water be fcarce, thefe defefts and lofles cannot be 
fupplied readily enough, which will retard the na- 
vigation^ and prolong the time ; and therefore fuch 
a canal can never an^er the purpofe. 

And tho* we muft neceflarily take the water from 
a height at leaft equal to the place, where the goods 
muft be taken up or laid dowq ; yet it will be a 
fault to take it higher ; becaufc then we fliall have 
a greater defcent to make; the confequence of 
which is, that we muft have more flood gates. And 
. the number of flood gates is known by dividing the 
whole defcent by the defcent of one. And the def- 
cent at one flood gate may be 4, 5, or 6 feet, ac» 
cording to the bignefs of the vcflcls, and the large- 
nefs of the canal 
^8. To illuftrate the nature of this ; let FA be tho 
* part of a canal, EC, DB, two flood gates, which 
may be opened and ftiut at pleafure ; let FED be 
the furface of the water, when the gate DB is fhyt» 
and EC open. And CB A the furface of the water, 
when EC is fliut, andDB open. Now a veflfel conning 
up the part AB, has to make an afcent into the part 
EF. In this cafe DB muft be open, and confequently 
the veflel comes into the part BC, upon the fame le- 
vel J and when flie is got in there, the gate DB is 
(hut, and EC opened, and then the part ECDB in- 
ftantly 6Us froiTi the paftEFj and the veflTel rifes with 

the 
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the water from the level CB to the level ED, and the Fig. 
gate EC being open, fhe can go along the level (ur-68. 
face of the V^ater DEF, and thus fhe has afcended 
from the height of AB to the height of EF* And 
then fhe can go along EF till (he meet with ano- 
ther flood gate, to make another rife. 

In like manner a veflel coming from F towards 
E, if EC be 6pen, Ihe goes into the. part ED. 
Then fhutting EC and opening DB, fhe goes out 
of EB, into the part BA, and lb away. 

It may be obferved, that both gates muft never 
be open at once ; for theji the water in FE would 
flow into B A, and would all be loft. And when the 
gate DB is fhut, and EC opened, the part EB is 
filled inftantly, without fenfibly decreafing the 
height of EF. For EF is a long.part of the canal, 
and EB a very fhort part, and foon filled. And as 
the lofs of water, is the quantity ECDB ; therefore 
the gates E and D ought to be fet as near together 
as they can, to' take in one or more vefTels. 

I fhall only add this -, when a canal is to be cut 
thro* a country, it is often attended with difficulties 
that make it imprafticable. For in digging the 
canal, they often meet with ^ocks, thro' which they 
can hardly make any progrefs j and when that is 
done, the clefts of the rocks will probably take 
away all the water. Likewife when they meet with 
loofe ouzy ground; by its porous nature it drinks 
upy and dcftroys a great part of the water. And 
even when they meet with foiid ground, yet the ex- 
pence of digging, levelling, &c; is fo great, and 
requires lb much time to execute it ; efpecially when 
they are to go many miles in length •, that confider- 
ing all things, hardly any of them can afford a pro-» 
fit anfwerable to fuch a monftrous expence. When 
th? ground is very much upon the delccnt^ a great 
number of locks or flood gates, are required, an4 
therefore a ^reat nvirpbcr of hands will bfe nqcefTary, 

which 
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Vig, which loStt a dczl of time; and fuch accidents 
^ • make the thing extremely difficult, if not impofliblc. 

And now having gone thro* all the principal 
branches of the Mathematics ; I ihall omclude 
with a few diredions, to fuch as defign to make 
theie Sciences their chief ftudy ; which are by far 
the tnoft diilicult, as well as the moft uleful parts, 
of human learning* And firft, the young ftudent 
muft take care to be well inftruAed in Arithmedck ; 
for thi( is the bafis of all manner of computatu>ns ; 
not onlv in theie fciences, but in all ibrts of bufi- 
ne6« In the thcxt place, he muft get a complete 
knowledge of Geometry ; for on tnis depends all 
computations relating to lines, which are infinite. 
Witnout a thorough knowledge of this, he will be 
obliged continually to turn back, or elie ftick faft 
in the road* Thcle two branches lay the founda- 
tbn of every thing that is to follow. Then the 
practical parts may take place, and Trigonometry 
and the dodrinc of the fpherc may be read, which 
make way for Aftronomy. And it will be proper 
then, to ftudy the Conic Sedlions, and the higher 
Geometry, v/hich confidcrs the nature of all forts 
of curves* As Algebra is a univerfal fcicncc, and 
applicable to any thing ; he may begin to read that, 
after he is acquainted with Arithmetic and Geome- 
try i but then he can apply it to nothing but nume- 
rical and geometrical problems ; till fuch time as he 
has learned the principles of any other fcience, that 
he would apply it to. And in this book of Alge- 
bra, there is a fufficient fund for exercifing all the 
branches; of the Mathematics. Fluxions being a 
icience of thfc higheft nature, and greateft extent, 
cannot be attained without the knowledge of all 
the reft ( and particularly Algebra, by which all 
computations therein are performed. Aitd this is 
the method that the young mathematician muft 

proceed 
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proceed in, to make the beft progrefs, and in theFig. 
leaft time. But he muft frequently expeA to meet 
with obftacles and difficulties, thro* which his own 
natural fagacity muft carry him, joined with the de- 
light he finds in the knowledge of thefe fciences. 
For I doubt he will meet with no other reward for 
his indulliy, nor even for any difcoverics he makes, 
but the plcafing fatisfaftion of finding out truth. 
And it is this pleafure that muft be his main fup« 
port under the great fatigue of ftudying thcle diffi- 
cult fciences. For when truth at laft emerges out 
of a cbaas of intricate calculations, and appears in 
its native brightnefs and luftre, it poflefles the whole 
miitd ; and the labour and fatigue of feeking after 
it inftantly vaniihes, and is no more thought on or 
remembered. 

The little encouragement there is in this nation, 
for promoting thefe fciences, is the reafon, that few 
people go any great length this way. If they have 
gained Yo much knowledge, as to be able to teach 
a common fchool, to get a living by, they think it 
fufficient. Few make any farther progrcfs ; and if -. 
they do, they get the pleafure and pains of it for /^t 
their labour. Or when a man is eminent for hit 
difcoverics, perhaps he is dignified with the title of 
F. R. S. but then he is to pay a quarterly Cefs for 
the honour of it. This is the way that ingenuity is 
rewarded in England. 

As to 'this courfe of Mathematics, that I have here 
drawn up, it has been the work of my life •, for in 
almoft all the books I perufed, I always found ei- 
ther a defeft of matter or a defect of method ; and 
fometimes a redundance of things unneceflary, and 
of little confequence. This put me upon writing, 
firft one branch, and then another, till I had got 
together a tolerable fyftem of mathematical learn- 
ing ; where I believe every branch is treated with 
is much pcrfpicuity, and contains as much matter, . 

a3 
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Fig. as any one can y^iQi for, in that compafs. For the 
whole is onlydefigned as an introduftion for young 
ftudents, and to enable them to go thro' larger 
Treatifes. Thele things were all originally defigned 
only for my own ufe, and have always proved ex- 
tremely uleful to m? ; and would have been much 
more fo, if I had had them fooner in life. And be- 
caufe what has been ferviceablc to myfclf, I fuppofc 
will be of the fame fcrvicc to others, under like 
circumftances ; therefore I determined to publifh 
them. But before this could be done, I had then> 
all to revife, correft,^ and methodize, and to add 
fuch things as later improvements had found out ; 
whichhascoftmea great deal of time andJabour. But 
then the reader is furniflied with fubjefts, both eafy 
and common, as well as difficult and fub)ime*^ 
which I expefl will fully anfwer his greateft ex- 
peftations. However, I have ufed my beft endea- 
vours. But, if not, I have^ taken a great deal of 
pains to no purpofe-, being fenfible that without 
pains and patience nothing is to be done : Sedtan-- 
dem poji ardua quies. 
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A P P E N D IX. 

Contmmng CorreStions and Additions to all the 

foregoing Volumes. 



ARITHMETIC. 

PAG E 7, line laft -, {read) of them, taken all to- 
gether. 
Page 3 1 , line 3, &c. The operation being wrong, 

correft it thus, 

C. ft. lb. C. ft. lb. 
6)72 6 ii(i2 I I the quotient. 
72 






6)6(1 
6 




6) i I ( I 
6 




" < 

5 remains. 



Page 79, L 8 {read) Ex. 5. 
ib. L 17 [read) Ex, 6. 
ib. 1. 2 7 (read) In Ex> 5. 
. Page 8o» 1. J 8 {read) In the 6th Ex. 
ib. 1. 22 {read) Ex. 7. 
Pag. f04, 1, 16 {read) ibefingle rule of three. 
Pag. 1 14, 1. 1 2 b \read) of 4 degrees of hardnefs, 
and 2324- 

ib. 1. 10 b {read) dig a trench, of 7 degrees 

ib. 1. 6 b [read) * 4 deg. 7 deg. 

Pa. 146, 1. 14 b {read) to the leaft error ; to be 
lidded, if the number was too little j but fubtraft- 

K ^ cd, 
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cd, if too great. Put out all the 2d article to the 
bottom of the page, as being needlefs* 

Pa. 150, 1. i {read) the corredion . . . 5*^6^4oy'/. 
lb. after 1. 1 6, addf 

Note, this rule will anfwer all queitions that the 
fingle rule of falfe Will anfwer. 

Page 156, 1. 10 (read) 6 0.7781512 

Pa. 157, 1. 8 {read) fquare of 426 ? 

Pa. 170, 1. 3 b {read) and 38 1. a year 

Pa. 171, 1. 3 (read) $6... 684 
ib. 1. 4, &c. corred it thus, 

iy2)iyy4(io.i2 months 
172 . 

54 
5» 



S 



P. 186, L 12 (read) two the Icaft whole numbers 
ib. 1. 13* &c. (read) 5 and. 3 every where 

for 365 and 2x9. 
ib. 1. 16, I J (read) Therefore the time of 
meeting will be 3 x 244- == 73 days. 

• Or thus J 

Czzio 
B =^8 

diff. 2 



Then 2* t i** : : 73" : 364- days, th^ time in which 
C will overtake B again ; then find the leaft number 
(by Prob. III. Ch IV. B. II.; which 24I, 144. and 
364, mcafurci and that is the anfwer, viz. 73. 

Fa. 223, 1. 8 b (read\ circulate or come about^ 
again, according 

Pa. 229, at the end of Prob. I. add^ 

ScHOI|. 
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S c H d t. Fig- 

If one Or both tiumbers (in any Operation) be 
ffadionalj reduce them to a common denominator* 
Then proceed with the numerators as before dircd-: 
ed ; and at laft, fubfcribe the common denominator* 

AH the examples throughout the book fliould be 
in italic. 

PROPORTIONS. 

There wants Seft. 1, 11^ III^ all along in the run^ 
t)ing title. 



-»-•- 



GEOMETRY. 

Page 26, 27, inftead of Prop* XXV and XXVI. 
iitfcrt ihefc* 

PROP* XXV. 

If an angle A of a triangle be bifetted by a right 
tine AD, which cuts the bafe j the fegments of the 
bafe will be proportional to the a^oining Jidts of the 
' triangle % BD : DC : : AB t AC. 

And if the external angle E AC be bifeSled by the 
line hdy cutting the bafe in d ; then the dijtames (of 
the interferon) from the angles j are as the adjoining 
fides % BdiCd: : BA:CA* 

Produce BA, and make' AE it AC* and draw 
the line CE j becaufe AE = AC, the < ACE = E 
(Prop. III.) =r 4BAC (Prop. I.) = BAD rhyp.) 5 
therefore DA, CE are parallels (cor. 3. Prop. IV) i 

andthereforeBAiAb:oi-AC::BD:DC(Prop.XII.) 
Again, make C^ zi CA \ then the <; A^C r:: 
fAC =EA^ r: FABi therefore^, ABar«paral* 
lei i whence dB :dC:*. AB : C^ or C A. 

Cor. t ♦ If the fides be as ibe fegments of the ^a/i % 
the tine AD, bifs^U the angle A. 

For fince BA : AC or AE : : BD J DC j DA and 
CE are parallels (cor. i. Prop. XII) ; and BAD r: 
<:E, and DAC ~ ACE = E (l^fopJII). Whence 
BAD ::= DAC, and A is bifeaed by AD. 

K 2 Cou 
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Fig. Cor. 2. If a line hiJeEltng the vertical angle of a 

1 . triangle^ cuts the bafe ; // will be 

As thefum of the fides ^ BA + AC : 
3"^ their difference^ BA — AC : : 
So the bafe^ BC : 

^0 the difference of the fe^ments^ BD — DC. 
* For BA : AC : : BD : DC (Prop. XXV), and 
BA + AC : BA — AC : : BD + DC (BC) : BD — 
DC or 2 DO (Prop. XIII. Proportion) ; where O is 
the middle of the bale BC. 

Cor. 3. Hence DB : DC : : ^B : dZ. 

2, Cor. 4. If AB, AC, AD, be continually propor- 
tional^ and AE equal to AC ; then CE drawn^ bifeSs 
the angle BCD. 

For the triangles ABC, ACD are fimilar -, whence 
CB : CD : : AB : AC or AE : : AC or AE : AD : : 
AE — AB (BE> : AD — AE (ED). Therefore 
(Cor. I.; angle BCE n ECD. 

PROP. XXVI. 

o. If an angle A of a triangle ABC, be bifeSed by a 
right line AD, which cuts the bafe\ the fquare of the 
hife£ling line^ together with the rectangle of the feg^ 
mentSy is equal to the reel angle ■■ of the Jides ; AD* + 
BDC zi BAC; 

Produce AD, and make the angle cCDBPziDACt 
Then the 3 triangles CDA, PDB, and PBA are fi- 
milar. For CAD =: PBD r= PAB, and CDA zr 
PDB (2.I), whence <C iz P, and ADC zr ABP 
{cor. 1. Prop. II). I'herefore CD : DA : : PD : BD 
(Prop. XIll), whence DAx PD = CD x BD(i2 
Proportion). Again, CA : DA : : AP or AD 4- 
DP : AB rProp. XIH); therefore CA X AB = 
AD* + DA X DP (12 Proportion) — AD* + CD 
X BD (A^fc 3). . 

Cor. If the external angle EAC be bifeSied. by the 
line Ad^ cutting the bafe in d ; then the retlangle B^iC 
. — the fquare of the -bifcBing line Ad, is equal to the 
reotangieJ^AQ^ Far 
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, Vat produce dA to F, and make <:iBF zzd AC ; Fig. 
then the triangles G/A, F^B, and FBA are finlilar. 3. 
For CAd = dAE = FAB -, and CdA zz FdB. 
Whence ACd = AFB, and A^C = ABF (cor. i. 
Prop. 11.) Therefore, VdidAiiFd : dB (XIII) ; 
and dA X Fd zzCdx Bd{i2 Proportion). Again 
CAr^A:: AF or dF — dA:Aii (13%, ^vTherc. 
fore CAx ABrzdAx dF — ^A* (12 Proportipn^ 
= CdxBd-^dA\ 

PROP, xxvn, &c. 

Page 73, 1. 20, (read) between the fum and diffe- 
rence of the two radii ; 



P. 107, 

P. 121, 

ib. 



?. 125, i. 18, fig. 195. 



P. 126, 
ib. 

ib. 
ib. 

P. 127, 
P. 128, 

ib. 
P. 129, 

P. 156, 



16, {read) DFKHCILG ::i 

2, ffig. 191; 

25, (read) DCH, be 3 



2, fig. J95. 
8, fig. 196. 

?9> fig- V97- 
. 4 b, fig, 198, 

. 2, fig. 198. 

. 2, fig* 198. 

,2 b, fig. 199, 200. 

2, fig* 199, 200. 



I. 5, fig. 209. 
2, (r/^^) Pr4i£lical Geametry^ or Tbi 
ConJiru£lion^ &c. 
P. 157, 8, Prob. V and VI,- {read) To hifeSl^ or 
divide a given 
iU " After Prob. VII, add, 

' Or thus. 

If the angle be given in degrees ; from the given 
point B, draw the line Bp. Then upon a line of 
Chords extend your compaffes from the beginning 
to 60 degrees (called the Sweep of 60), then fetting 
one foot in B, with the other defcribe the arch DC. 
TJien extend from the begiiiiiin^, to the pumber 

K 3 of 



6 APPENDIX, 

V\ff of degrees given, and fet that extent from D to C, 
upon the arch DC. Thro' C draw the line BC, 
and DBC is the angle required. 

Page 162, at the end of Prob. XII. addj 
Cor. ff it be required to fet atrf number of efual 
ptrts upon a right line^ it is done thus. 

Take with your compaffes, fo many equal parts 
from a diagonal fcale, or any convenient fcalc of 
equal parts ; and fet that extent upon- your Unc. 

TRIGONOMETRY. 

Page 100, after Prop, IIL addj 
Cor. I. Jf two right angled triangleSy have the 
fame or equal byfothenufcs \ the perpendiculars^ are as 
the fines of the angles at the hafe \ and the bafes are^ 
41s the fines of the angles at the vertex. 

For they are both in the given ratio of the hy- 
^othenufe f AC) to the radius. 

Cor 2. If two right angled triangles have equat 
b^fesy the perpendiculars am as the tangents of the 
(inffles at the bafe\ and the hypotbenufes are red- 
procally as the fines of the angles at the vertex, - 

for the perpendiculars, and tan. oppofite angles, 
are in the given ratio of the bafe to the radius. 

And if B be the bafe ; H, h^ the hypothenufcs ; 
V, Vy the fines of the angles or the vertex. Then 

by this Prop, as V : B : : rad : H = - x rad 5 anc} 

8 B 

V : B : : rad : i& =1 :? X rad. therefore H : i> : : - >; 

V Y 

rad : - X tad : : -^ : - ; : V : V, 

Cor. 3, . If two right angled triangles have eqtial 
perpendiculars \ the bafes are as the tangents of tb^ 
angles at the vertex •, and the hypotbenufes are rifci- 
prccally as tbe/nes of the angles at the bafe. ^ 
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This is plain by Cor* 2, making the bafe to be-Fig« 
come the perpendicular. 

Page 1 04, 1. 8 b, {read) greater fide : 

Page 154, after Prop. XX« add^ 

Corol. In a rigbl angled fpberical iriangky if she 
bypothtnufe be a quadrant^ one of tbeftdes will be aqua 
drant^ and its oppojiu angle a right angle, fig. 37. 

Let BAC be the triangle, A the right angle, the 
hyp. BC a quadrant. AB f produced at leaft) pa^es 
, thro' the pole of AC ; and if the quadrant CB be 
fuppofed to revolve about C, ic will cut AB in the 
pole of AC ; but B is the point where they cut \ 
therefore B is the pole of AC ; and corifequently B A, 
BC are both quadrants ; and A being a right angle> 
C will alfo be a right angle (by Prop. XIV). 

Page 158, put out the two Corols. at bottom, j^ 

Page 159, line i, (redi) Cor. i. 
ib. Inllead of the two Cerols. at bottom, infert 

Cor. I, 
In right angled fpherical triangles ABC, ADF, 
fbat have equal angles at the bafe ; then^ 

1. T^he fines of the hypotbenufes^ are as the fines of 
the perpendiculars, 

2. The fines of the bafes are as the tangents Qf the 
perpendiculars^ ; 

3. The tangents of the bypothenufes^ are as the 
tangents of the bafes. 

- 4. The cofines of tbe hypotbenufes are as the cotan* 
gents of tbe angles at the vertex. 

5. The cofines of the bafes^ are as the cofines af 
tbe vertical angles. 

6. The cofines of tbe perpendiculars^ are recipro^ 
cally as the fines of the angles at 'the vertex. 

All thcfe are eafily demonftrated by the Help of 
the two laft propofitions ; by extending the fides 
of the triangles to quadraiits, after the manner of 
fig. 41, and finding the proportions, in the com- 
plemental triangles EDF, ADC^ ECB-, which 
will come out ^s follows. 

K 4 For 
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Fig. For rad : S.A : : S.AC : S.CB : : S, AF : S.FD. 
4. and rad : ran. A : : S. AB : tan. EC : : S, AD : t. DF. 
and rad : cof. A ; •: tan. AC : tan. AB : : t. AF : t.AD. 
and rad : /. A : : cof. AC : : cot. C : : cof. AF : cot. F. 
and rad : S.A : : col. AB : : cof. C : : cof. AD : cof. F. 
and rad x cof A = cof CB x S.C = cof FDx S.F. 

Cor. 2. 

In right angled fpberical triangles j AFB, AFD, 
that have equal hypotbenufes ; , tben^ 

1 . Tbefmes of the bafes are as the fines of the ver- 
tical angles. 

2. The tangents of the hafes^ are as the cofines of 
the angles at the bafe. 

3. The tangents of the angles at the bafe^'are as the 
cotangents of the angles at the vertex. 

4.. The cofines of the bafes^ are reciprocally ^ as the 

cufines of the perpendicutars. 
For rad : S.AF : : S.AFB : S.AB : : S.AFD : S. AD. 
and rad : t. AF : : cof FAB : t. AB : : cof FAD ; t. AD. 
and rad :cof AF:: t.FAB : cof. AFB: : t. FAD :cot.AFD. 
and rad x cof AF=:cof AB xcof BF=cof AD x cof DF. 

Cor. 3. 

Jn right angled fpberical triangles ABC, ABF, 
having equal bafes \ then^ 

1 . The tangents of the perpendiculars^ are as the 
tangents of the angles at the bafe. 

2. The fines of the dngles at the bafe^ are as the 
cofines of the angles at the vertex. 

3. The fines of the perpendiculars y are as the co^ 
tangents of the vertical angles. 

4. The cofines of the perpendiculars^ are as the co^ 
fines of the hypotbenufes. 

5. The cotangents of the hypotbenufes ^--are as the 
cofines of the angles at the bafe. 

6. The fines of the hypotbenufes^ are reciprocally as 
ticfijies of the vertical angles. 

For, 



APPENDIX. 

For, rad : S.AB : : If"' ^^g = *«"• ^B. Kg. 

I tan. FAB : tan. FB. a, • 

and,rad:cof.AB:: {1?^^?^;^^* 
.0 I S.FAB : Cof. F; 

nr.A ^^A - ^ AH . f cotan. ACB : S.CB. 
and rad : tan. AB : : i , i.- o r^n 

I cotan. t : S.FB. 

.„d ad : cor. AB : : } ^f; Cf j cof. AC. 

-i -^ -otan- AB : = Hoc faI ; cS: aI: 

AndradxS.AB=S.ACBxS.AC,or = S.FxS.AF. 

Note, either fide may be taken for the bale. 

Page 196, after line 7, add. 

If the folution is neither found in ABF nor EDF ; 
produce the fides from F, thro' A and B to qua- 
drants as before, to find a 3d triangle ; and then 
the folution will be found in this new complemental 
triangle 

P. 208, 1. 6 b, {read) tan. 4AB. 

p. 211, 1. 7, {read) let fall FI a perp. 

p. 213, 1. 6 b, {read) if AF + FB < 180. 

p. 239, 1. 4 b, (r^^ J) proportionals between 

Tab. natural fines. 
g<> 38'-— -fine .1501106 
24% at bottom right hand, {read) ii4deg. 

4^-5' tan. 84 35 

43^ Si' fine .6931922 

Tab. artificial fines. 
I go 6q/ — —fine 9.4403381 
29° 60'- — --cofine 5306 

Tab. Logarirhmi. * 

Num. 354 
Num. 987 

1927— —log. 8817 
Num- 2804 

ALGE- 



lO 

Fig. 



page 

4 

47 

119 
148 

258 

282 
300 
328 

342 
347 
353 

ib. 
358 

364 
401 

408L 
409 

4»3 

430 

441 
442 

465 

466 






line 
7b 

I b 
9b 

4 
8 

6 b 
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ALGEBRA. 

read 

compound quantity •, and the fum take» 
all together. 



I 
3 b 

8 

»3 
2 

9b 
8 b 

6 
9 

4 

I b 
I 

5 b 
6 

7 

12 

"i b 

7 

5 b| 
3 b 

' 3 



age — - ^r/ 

wants a line underneath. 



•2&io6 ._ 

10.598 "" 

fig. 4. 

5 
if a ~ iir 

fig. 22. 

R' — I = R\ 

(~ a- \ 
\rR' ^ ^ J 

2 miles, the fecond 3, the third 4^ 



y — I + 2 = his laft 

of the meansy or their fquares (c) 5 . 

area, and AC zzy. 

fig. 54, put Afor C, B for A,andC for B. 

+ ^? f ZI 2Ja + ^^C ZZ 

s +,b X y-^b zz 



zxz — axz — ixz — c. 



ttxc + y -^ 
GPV, VPM, 
fpherical triangle 'ABC, 
fmechan. 56 and cor.) 
leave cut {ib. cor. g,) 

«Xv/T~i. 



(mecbani 



page 
477 

* 

497 
526 



I 
2 



•*^" 



7 
12 

44 



9 
18 



APPENDIX. u 

line I Fig. 

1 (median. 27. cor. 2} 

2 dele fig. 132. « 
10 lai(t term will. 

/i*i) fmec, 18. cor. 2) 

1$ b (mkc. 23.. cor. 1) 

J 6 (mec. 23. cor. 1) 

6 b (mcc. 23. cor. i) 

Poftfcripr. 

1 3 met with fuch 

7 b butDr.HalleyandFr.Robarts,cIqi have 
5 b leave them 



Z9 



M« 



I 

»3 
11 

21, 

4 

Ob 



Arithmetic of Infinites, &c 
=: ^» X »tf\ or 

■ . — =r\« 

s zz n't i.a' 
all the x'es 

f = — A4-23 + C = 
&c. Prop. V. fhould be italic 
and thus you may 
FINIS. 



Conic Sections. 

17 CA» : CN* ; : BPA : PM*. 
6 b| (XIII. Cor. I) = 

at the end of Prop. 23. add^ 
Cor. 1. re^angU NMV = SMF — CE». 
Cor. 2. SC* : CE* : -.'reaangk SMF 
— CE* : PM'. fig. 1 8. 

For (Prop. 19.) CA* : CE* : . PN» : 
PM», and CA* ^ CE» : CE» : : PN*— 
PM* : PM* 1 that is, SC* : CE* : : red. 
NMV: PM* : : Ccor. i.) SMF— CES 
PM\ 
6 Cor. I. 

after line 7, add. 
Cor. 2. FM : FT : : v'FMS : CD. 

Cor. 



12 
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Fig. page 



34 

6o 
J3» 



Plate 
phte 
pl xii 
plxxi 



89 
90 



line 



5b 

7 
2 

4 



m 

X 



ig- 



94 

95 



12 

7 



b 
b 



read 

Cor. 3. Drijw MO per p. to the tament 
MH. rben ClxMO-Cli\ 

For (con 2. Prop. 35.) MO : CD : : 
CK : CA : : (cor. i. of this) CD : CI. 
ODxDN::CF*;CK*. 
more lines eU 
(ib. Prop. III.) 
multiplying by 4, QZ* = 

Plates. 

/. 28. draw MO pcrp. to MH, 
pa. (>6^ (at bottom). 
i02, draw CD, PM. 
pa. 148, (at bottom). 

CURVE LINES. 

whence y^ 

after line 5, add^ 

Cor. In a very fmall part of any curve 
of finite curvature^ as AGi thefubtenfe 
of the angle of contaSly is as the- fquare 
of the tangent^ cord^ or arch ; for fhefe 
in their evanefcent ftate^ ar( all equals 
I that is, BG OC AB* or AG*, fig. 86. 
// is alfo obfervable, that the cords, fines y 
tangents, verfed fines, &c. of a very fmall 
arch of a curve, have the fame properties^ 
as thofe of the circular arch. 
line MF, are 
Since M^ zz ms, 
at the bottom, add. 

Scholium. 
It may be obfcrved, that the circle of 
equal curvature with the curve at M, is 
that which paflcs thro* three points of 
the curve, fuppofed to approach infi- 
nitely near one another. 

For 



page 



97 
98 

99 

114 

PI. 8 



85 
99 

159 



APPENDIX. 1% 

line read Fig. 

For two points do not determine it, 
becaufe an infinite number of circles may 
pafs thro' two points. But there is only 
one that can pafs thro' three. And if a 
circle pafles thro' two points that ap- 
proach infinitely near, and at lafl: coin- 
cide, it only denotes that this circle 
touches the curve in that point ; which 
an infinite number of circles may do. 

• • • • 

a zz p + pi 



2 
14 



b 
b 



axts. y =: o. 



z 



Mn = Xj mn 

6g. 100, wants o. 



C/XAf 



o p T J c s: 



rr 



X 



169 

170 



1 7.3 



14 b 
4 b 



2C/ 

after Cor. 3, add^ 

Cor. 4. In different mediums^ it will h^ 
AB : BC : : AD : DE. 
(be focal diftance. And the fame for a water 

' Lens, (by Schol. Prop. II.) 
attends old people. 



+ 



q + J 



/, 



in the fame point P ; and a (top with a 
hole in it muft be placed in the middle 
between AB and CD, or nearer AB, to 
cut off ftraggling rays, that colour the 
objeft J and then the telefcope is fit for 
ufc. 

The telefcope—— 
15 'thro* the kns JB, 

fowtr 



«4 

Fig. page 
179 
181 



line 
11 



184 2 b 

185 15 




120 
224 

pl.viii 

pl.ix. 
pi. X 

pl.xiii 



62] 
pi. ii 

pl.ix 
pl.x. 
pl.xv 



32 



APPENDIX, 

read 

powtr of a r^aSing tetefcope* 
tbrif a refraSing iele/cope. 
in differeni refraSing te- 
Injimilar refraSing tetefcopes y 

fig. ii6« 

p. 203. 

kave out, (by Prop. XVII. B. III.) 

9 bjto do; its magnifying 

8 b Microfcope, which is fliorter. Where 

7 b focus of AB, it 

fig, 106, GLI fhould be ftf eight. 

fig.. 107, put Q near the end of P. 

fig. 116, the two axes at C, D fliould 
crofs one another. 

fig- 1 3 1> the fquare LMIK to be pricked. 

PERSPECTIVE. 

Diftances of 13, &c- 

fig. 16, the whole plane RGCQ (hould 

be (haded, 
fig. 1 9, for / put /. 
^g* 55' i« ^ fhould be at the anglesi 

above, 
fig. 57, the prickM lines 4c, -iS, want* 
I ing, and fonne others, 
fig. 77, produce R/, a little beyond /. 



MECHANICS. 

After line 11, add^ 

Cor. 5. The fpace defcribed by a falling 
body in the time of 1 vibration : 
is to half the length of the pendulum : : 
as the fquare of the circumference : 
to thefqiiare of the diameter* 

For 



page 



line 



35 

145 
146 



10 

14 



APPENDIX. 15 

read Fig. 

For the fpaces being as the fq jares 
of the times, the fpace fallen : tlcngth 
of the pendulum : : as the fquare of the 
time or vibration : to the fquare of the 
time of falling thro* ^length of the pen- 
dulum : : (by this Prop.) as the fquare 
of the circumference j to the fquait of 
the diameter. ^ 

• Cor. I. Hence, 
Cone ABC 
after line lib, addy 

I lately contrived another fort of ba* 
rometer, which (hews the afcent and del- 
cent of the mercury at the bottom. 

ABC is a recurve tube, clofe at the 7. 
top, where the bucket C is, and open 
at the end A. The length of CB is 32 
or 3 J inches, and of AB 6 or 7. The 
bucket C fhould contain about as much 
as the end AiR. And the bucket and 
end CB mud be quite filled with mer- 
cury, as far as B, a little beyond the 
turn. The wider the bucket C is, the 
better. The fcale fct to the end AB, 
muft be graduated downwards, for the 
mercury falls in this, when it rifes in the 
other fort. This being placed agairift^ 
a wall, will (hew the height of the mer- 
cury, as in the common ones. And this 
way is more commodious, as it faves the 
labour of clambering up, upon chairs, 
to fee it, as one muft do, in the com- 
mon fort, to fee exactly. 

A Water Barometer 



T 

18 



PROJECTION. 



frg. 2. 

fig. 5. 



off 



i6 

Fig. page 
9 

»4 
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«5 

16 
t8 

20 



21 

36 



«7 



29 
301 



read 

off the fines. 

fig. 12. 

the two laft lines fhould be roman and 

indented. 
CpA + CAp i 
fhould be indented. 
3, 4, 5 lines ronrian. 
EC1=CAD 
if /), ij, be 
harmonically 
projection C, 
equal arches EF 
OG + OD 



line 
3b 

2 b 

21 

3 

5 

4 

12 

7 
9 

9 b points A, B, G, 
8 draw EB to the point B, and BF perpendi- 
cular to it, cutting CH in F, To &c. 
After / laft add^ 

But if the circle DLE was to lie on 
the other fide of DGE, the arch HI 
muft be taken on the other fide of H. 
6 b intcrfeftion P, 
2 gCt required. 
4 circle DE4, or 
lib pole />, draw 

After 1. 8 b, add^ 

For a rigbi circle ACS. 
Thro' C ffig, 34^ draw DE perpen- 
dicular to AB, then E is the pole of AB, 
Set the number of degrees from D to H, 
and draw EGH» then GC contains the 
degrees required. Or if GC be given^ 
drawEGH, then HD in degrees, is the 
meafure of GC. 

And in like manner AG contains the 
degrees in AH, oi* AH is the meafure 
of AG. be 



->• Cl 



page] 
.31 

fl 

33 
36 



37 



41 



43 

44 

45 



46 



1 
9 



A t^ ^ E N D .1 X; 17 

line read ' Fig. 

y b be fet from G to L^ and LPE drawn, 

th^n, 
17 of thi$ circle, 
6 b TV, and 
b at S cut 

b any angle Qst zz Q/. 
Prop. V, rea^ little j throughout* 
at the end of Cor. 1. add, 

Cor. 3. If P be the point where the gi 
great circles PC, PF, &c. meet, {as at 
tbipok)\ and if CB, the radius of pro-^ 
jeStiOHy he perpendicular to CP, at C the 
point of contaSf. Then the dividing cen - 
ter A ^/PF» is diftant fromP , the length 
ofVK 

For IC A is pcrpeftdiqular to PF, and « 
lA = FC J whence PA' = PP + lA* 
2: PP + FC* = PP + FI» 4- IC* r= PC 
+ FP = PC* 4. CB* £= PB% and PA 
= PB. 

2 b to dS ; 

after 1. 16, add. 
Or thus, fet CD from I to F, and FC 

from I to A, and draw AP, &c. 

CL = radius 

A to J, 

after 1. 1 7i add^ 
Note,' tho dividing center of all the 

lines, PM, PL, PN, &c. is always 

diftant from P, the length of P W. 

Therefore all the dividing centers are 

in the circumference of a circle, whofe 

radius is PW, and center P j fee below, 

Cof. 2, 
12 OYpxz=:P\% 
y b Cor. I. 

after Prop. 15, Cor. i, add^ 

U Con 



2 
20 



i8 A f P 

Fig. page line jrca^ 



E N D I X. 



6. 



47 

49 

57 



Cor. 2. j/j^P he the point where the great 
circles,^ AP, BPjC^c. meet-y then to find 
the dividing centers of all the circles 
AP, BP, i^c. 

Thro' C the center of prpjeftion, 
draw PCG. Thro* C draw CW perpen- 
dicular to PG, and equal to the radius 
of projeftion. Draw PW, and WG 
perpendicular to it, to cut GP in G. 
At G and the middle of GP, ereft the 
perpendiculars GA and DS. With the- 
radius PW defcribe the circle EWO. 
Then to find the dividing center of anjr 
circle AP ; with the diftance LP, and 
one foot in L, cfit the circle OWE in 
R, the dividing center required. 

For fince PWG is a right angle, PG 
is 90 degrees, and fo is PA. Therefore 
the dividing ce^iter of AP is in a femi- 
circle defcribed round AP, and it is alfb 
in thecircleOWR (by Cor. 3. Prop. V.)^ 
and therefore at the interfeftion R, Eut 
DS bifefts all thefe circles ; and there- 
fore the center of that femicircle is in L# 
6 b of meafures GH, and equal to the rar 

dius of projeftion. To 
3 by reafon feveral 
1 1 b projefted from what is 

The plates fliould be paged at the 
bottom; pi I, 10. II, j8. Ill, 22* 
IV, 24. V, 30, VI, 38. VII, 48. VIII, 50. 
IX, 54. X, 56. XI, 56. PI. VII, fig. 
44, wants F, and FC. 

CENTRIPETAL FORCEST, 



iPrefi II 
II 



irregularities only 
drawn or impelled to , 



moved 



'I 



page line 
I b 



16 

?2 



28 

43 
59 

65 
66 

78 



103 

a 

13d 
162- 



14 



8 
10 

»5 

I 

4 
6 



APPENDIX. 19 

read Fig. 

moved from A thro* C • 

w p 
whence A^ X ^A -4- 
after line 5, ^^^, 

Cor. ^. If K be the radius of curvd^ 
ture in I, ibe centripetal force at 1 will be 

d 'SI . 

as or — — --— . 

p^K R X SP^ 

r: x> SlxIN ^.Vq _ SI 
For R =: ^.^ • and -^ 3: .j-.; 

Fj IN , R 

whence the force ^^^/ . ^^^^ =: —-jt— 

Then univerfally the force is always as 

But ms or rs is 

Such motions as 

?^C and pre. 

4, R recedes from M,j 

Curve RDB, 

its axis iBz 

PL I. fig. 5. the body » fhould be ftiaded.. 

PL II. fig, ?3. P/? muft be perp to F/>. 



12 
3 b 

I 



>!••. 



ASTRONOMY. 

fig- 9P^ 

90th degree of 

fig* 3'- 

after 1. 4, addy 

Cor. 6. TiE'^ borizQntal parallax of one 
body feen from another ^ is equal to the ap* 
parent femidiameter of tins other feen from 

tbefirft. 

For the parallax of P is the angle at 
P made by the lines AP, CP continued 

L 2 . to 



to 
Fig. page 



APPENDIX. 



line 



|68 

>93 
J99 

705 
225 



^33 
243 

266 
267 



read 



8 

9 
7 

5 b 



to the fixt ftars, and that is equal to thp 
alternate angle APC, under which the 
radius AC is feen, (by Cor. a), which 
will be the horizontal parallai^ wfaea 
PAC is a right angle, (fig« 48.) 
after line 5, adJ^ 

1 • -To find it iy Calfuhtim^ 
8 b Dec. 30 20 269 1742 
(bedaufe 
= 3.1416) 
the planet's angular 
the planet's angular 
is to its 
after Cor. 3. add^ 

Cor. 4.* The velocity at aft/ place N : 
is to the velocity in a cir cle at the mean 

dijtance SA : : x/W: ^/NST 

For (by CQr.^5. Prop. 1 6, Centripetal 
Forces) the velocity in the ellipfis at A, 
is equal to the velocity in a circle at the 
diftance SA. 
fig. 78. 

? 's gcocent. place 
as p and P, 
® place 
orPr, 
after Cor. a. add^ 

Or thus. 

Let a = apparent diameter of the 

central body feen from the revolving 

body, and^ = the periodic time. Theri 

(Prop. 19. Centr. Forces) the denfity i< 

For a is the parallax of the re^ 



I 

1 b 

10 
6 



a^p'' 

volving body (by Cor. 6. Prop. i6» 
Scd. IV.) And the quantity /> is knowa 
for all the planets and their fatellites ^ 

and 
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page 



line 



a 85 
318 

319 



13 
>7 



'20 



read 



and a vaxf be eafHy found for theni aU. 
Whence the deniities are had, without 
any regard to the fun's paraljaic or dis- 
tance. 
Cor. 3. 

moved backward* 
dtftance ms zr MS — M^ + S/, vcrjr 

nearly, when MS is large, 
after line 3, aid^ « 

But when MS is fmall or Mm iarge^ 
M^ will need fome corrcfti on. Therefore 

to correft it, take fno =: \/Mi«* — M^*), 
and find its tangent. Thea 

Tan. MS ; tan* fM : : ^mo ; correAion, 
which muft be fubtra&ed from M^, 
when the angle M is acute ; but added 
when obtufe. 

When Sj is confiderable (which fel- 

dem happens), find S^ (v/Sj* — S/)*), 
and add it to moj before you make the 
proportion. 

When DM is greater than a quadrant, 
the figns of Mo and this corredion, will 
be contrary to what they were. 

The realon of this operation in comeft* 
ing M^, is, that in the former computa* 
tion mo is perpendicular to MD, whereas 
Dmo ihould be an ifofceles triangle ; and 
this correftion only fhcws how far we 
are to go beyond ^, or how much M^ 
is to b^ (hortcned. 
point s is 

After the Scholium, add^ 

Othcrwife thus. 

Th^ foregoing method will, in mod: 
cafes, give the anfwcr exceeding near 

' ^ the- 



It 



Fig, page 



A P P E N D I X, 

line read 

the truth ; but being only an approzio 
mation, and gained piece by pie^e, it 
will deviate a little in fome particular 
cafes, as all other patc-hed up methods 
will do. And therefore it will be better 
to ufe the following general and exaft 
method, by help of the natural fines. 
LctZ=cof, ZM+ZS,Z=cof.Z»»+Zx. 
C = cof. ZM— ZS, c = cof. ZM— Zf. 
B =: cof< ol^erved bafe MS, b = coC 

true bafe ms^ required. 
P=f — C, Q=z — Z, R =C — Z, 

S = C — B, then 

^ = B + P + Q""^S, obferving the 

fines, and that the cofines of arches 
greater than 90, are negative. 

For by Cor. i. Prop. 42. B. III. Tri- 
gonometry, C— Z : C -— B : : 2r : verf.<:Z 

C^— B 

X ar, and c — zx c — b : : 



C — Z 



2r: 



B 



C — Z 



X 2r : : C — Z : C — B. 



Whence f— 2 xC— B = C— Z >Cc—b, 

andf-^ = ^Ei2i£ziJ, 

C— Z 



whence b ■=.€ 



( — zx C— B 
C — Z 



is one rule. But b zz c + 



, which 

■z . 



B— C.= tf + 



C— Z ■■ 
<._z+C— Z— C-fZ 



XB — C=f + 



C — Z 
C— Z 



X B — C + 



■wi. 



page I line 



A P P E N 15 I ^. 



read 

c—z + Z — C 



Fig, 



C — Z 



X B— C = f+B— C 



f + C 



C — Z 



C-~B=:B + P + 



Examp. 
MS =: 2» 20^ moon's parallax 56' 10" 



Let <ZM= 80 21 
^ZS = 78 46 



refradioQ 



4 40 



2M = 8q 21 o 
ZS = 78 45 o 
Zw == 79 29 30 
Zi = 78 50 o 



Z = 159 7 o 

? == 158 19 30 

C = I 35 o 

f = o 39 30 

P = f — C = .0003158 
Q = '2 — Z= 0050144 
R =C — Z = 1.9339264 
S = C — B =: .0004473 
Q—P=:. 004 6986 



Mw = 5130 



Sj ftar's refr. 4 46 



«« 



Cot 

— .9343082 

— .9292938 
.9996182 

•9999340 



• • 



.004698 
000447 

188 

18 



B rr .9991709 

P= 3158 
quotient 1 1 



tm 



1.93)20.9(11 



■M 



16 



.9994878 zr'cof. wjm^ 50' 2'' 
Almoft all the work confifts in fetting down the 
data. 



& 



c. 



I- 



t4 

Fig. page 
321 

332 
356 

35^ 
357 



367 



A P I? E H D 1 3C 

line read 

I fig. zio» 

o p. 331* 
^ b| from the xiodet 
if ^ = number 



16 
18 
6 b 

7 



8 



27.54X = 29.534 
z^xzz 50.39* 
zix zi 239 rn;; 
after 1. 9, tfiiy 

Put (h 9fj €^ y for the periods df the 
change, ieipiis, node, and year; then 
any of them may foe fbuna as before^ 
from the equations ; 

29.53tf=t7.54X=27*2if= 365.257. 
fooner at London \ or weft if later. Or it 
is eaft, if it happen later in reckoning 
the hours j but weft if fooner. This 

In the Plates. 

Plate 1. at bottom, pa. 8. PI. II. pa. 24. 

PI. XL pa. 260. 

PL I. fig. I, the bodies of the Sun, Sa- 
turn, Jupiter Wanting. 

PL VI. fig. 40, the lines Ihould intef- 
feft in B. 
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»7 


6 


9 




8 b 


19 


i,a,3b 


ao 


11 


as 


I 


40 


9b 


67 


8 


n 


8 b 




1 



GEOGRAPHY* 

length of days 
Afcii. At 
frigid zone, thefe 
longitude (for lat.) 
and in both ways, 
whofe diftance 
pole, A and B 
oblate fpheroid 
into a horrible 
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APPENDIX. 

read 

eaft by Spain$ 
as the land of 
long night be 
dif. lat. AR^ 
velocity A*. 
ts + jr, &c. 
fer than Az ; 
whence z = 2.30 
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HI =z BE X I + iqss. 

fig. 1 8. 

after Cor. 2y add^ 

Cor. 3. And from hence will be known 
bow much the watch is too fajl or too 
fiow\ which now may befet to the true 
time. 

D I A L L I.N G. 

tagy his rays. 

removed weftward or eaUward, , 

carried back thro* 

Jituation^ on that meridian. 

fig. 20. , 

put out fig. 20. 

fig- 43- 

put out fig. 12. 

at bottom, add^ 

SeeCor. 3. Prop.V. Seft. III. Pfojedion. 

Chambalu 

PI. IX. fig. 34^ 9 and 3 are wrong placed •, 

they fhould ftand where ([b^ qd cut AB. 
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